January 3, 1972 $1.00 A McGraw-Hill Publication 


1972 annual U.S. electronics markets forecast 77 
. A new self-aligning MOS process 89 
» What's troubling the industry's top executives 95 


Electronics 


‘7 NIXON CALLS 
THE SHOTS 


MOS technology presents another American 
ideal to satisfy your revolutionary ideas... 


THE MCS 2050 RAM IS HERE! 


THE MCS 2050, a 256 BIT STATIC RANDOM 
ACCESS READ/WRITE MEMORY can do a 
lot for you, your customers, your nation. . 


fast, without a big power grab! 
Consider the tenets to which its dedicated: Low 
Power Operation — Typically 200 Milliwatts, 
Static Circuitry — No External Clocks Required, 
S 


Access Time—Typically 600 nsec, Standby Power 
Mode — Power Dissipation — 20 milliwatts, 200 n 
sec Input Address Skew, TTL/DTL Input and Output 
Compatibility, Complete Decoding Internal to Memory, 
Wire Or Capability, Supply Voltages —9V, —7V, +5V. 
THE MCS 2050, 256 BIT STATIC R.A.M. . . . FROM MOS 
TECHNOLOGY... IN VALLEY FORGE. . . WHERE IDEAL 
HAVE ALWAYS BEEN TRANSPLANTED INTO ACTION. 


We've Turned , ae 
A Technology 
a Ree 


MOS TECHNOLOGY, INC. 


VALLEY FORGE INDUSTRIAL PARK, VALLEY FORGE, PENNA. 19481° 215-666-7950 


A Proud 


EASTERN REGIONAL OFFICE—REGIONAL SALES DIRECTOR—Mr. William Whitehead, MOS TECHNOLOGY, INCORPORATED, 88 Sunnyside Blvd., Suite 307, Plainview, New 
York 11803 * Phone: (516) 822-4240 * ALABAMA, FLORIDA, GEORGIA, N. CAROLINA, S. CAROLINA, TENNESSEE, MISSISSIPPI—Currie Aerospace Associates, P.O, Box 
1424, Huntsville, Alabama 35807 * Phone: (205) 536-5650 * 2907 McCoy Road, P.O. Box 13229, Orlando, Florida 32809 * Phone: (305) 855-0843 * P.O, Box 5588 
Greensboro, North Carolina 27403 * Phone: (919) 273-3040 * NEW ENGLAND STATES—Victor Associates, 179 Union Ave., Framingham, Massachusetts 01701 « Phone: 
(617) 879-5710 * NORTHERN NEW JERSEY, NEW YORK (WESTCHESTER COUNTY, LONG ISLAND)—Falk Baker Associates, 383 Franklin Avenue, Nutley, New Jersey 07110 
* Phone: (201) 661-2430 * E. PENNSYLVANIA, SOUTHERN NEW JERSEY—Rivco, P.O. Box 338, King of Prussia, Pennsylvania 19406 * Phone: (215) 265-5211 * DELA 
WARE, MARYLAND, WASHINGTON, D.C., VIRGINIA, W. VIRGINIA—Bernard White & Company, Inc., 7 Church Lane, Baltimore, Maryland 21208 * Phone: (301) 484-5400. 


CENTRAL REGIONAL OFFICE—REGIONAL SALES DIRECTOR—Mr. Alan Mattal, MOS TECHNOLOGY, INCORPORATED, 10400 W. Higgins Rd., Suite 631, Rosemont, Illinois 
60018 * Phone: (312) 298-2035 © ILLINOIS, INDIANA, WISCONSIN—L-TEC, Incorporated, 5808 West Higgins Rd., Chicago, Illinois 60630 * Phone: (312) 286-1500 « 
OHIO, KENTUCKY, W. PENNSYLVANIA—McShane, Inc., P.O. Box 523, 123 W. Washington, Medina, Ohio 44256 © Phone: (216) 725-4568 * MICHIGAN—R. C. Merchant & 
Co., 18411 W. McNichols Road, Detroit, Michigan 48219 « Phone: (313) 535-6000 « MISSOURI, KANSAS, NEBRASKA, |OWA—Harlan J. Weisler & Assoc. Inc., 2050 Woodson 
re St. bole cor aaa * Phone: (314) 428-3934 » TEXAS, OKLAHOMA, ARKANSAS, LOUISIANA—Norvell Associates, 10210 Monroe Drive, Dallas, Texas 75220 
* Phone: - : 

WESTERN REGIONAL OFFICE—REGIONAL SALES DIRECTOR—Mr. Jack Turk, MOS TECHNOLOGY, INCORPORATED, 2172 Dupont Drive, Patio Bldg., Suite 221, Newport 
Beach, Caiifornia 92660 * Phone: (714) 833-1600 * ARIZONA, NEW MEXICO—Toward Engineering Assoc., P.O. Box 15268, Arcadia Station, Phoenix, Arizona 85018 « 

Phone: (602) 955-3193 * CALIFORNIA, NEVADA—Bertrand & Zoolalian, Inc., 7340 Florence Avenue, Suite 205, Downey, California 90241 ¢* Phone: (213) 927-4406 « 

Hunter Associates, 1208 Fox Plaza, San Francisco, California 94102 » Phone: (415) 626-8576 * COLORADO, UTAH, WYOMING—R. G. Enterprises, 1107 South Pearl Street, 
Denver, Colorado 80210 * Phone: (303) 744-2464 * WASHINGTON, OREGON, IDAHO, MONTANA—J. A. Tudor & Assoc. Inc., 2605 Western Avenue, Seattle, Washington 
98121 * Phone: (206) 682-7444. 

INTERNATIONAL SALES REPRESENTATIVES—ARGENTINA—T. R. C. Electronica, $.A.C.|.el., Cangallo 4450, Buenos Aires, Argentina * Phone: 88-4044/5/6, Mr 

M. Lissin * ENGLAND, WALES, SCOTLAND, IRELAND—Impectron Limited, Impectron House, 21-31 King Street, London W3 9LH, England * Phone: 01-992-5388 * FRANCE 
—Bureau de Liaison, 113 Rue de L'Universite, Paris Vile, France * Phone: 551.9920 * GERMANY, NETHERLANDS—International Micro Electronics, Inc., Arabellahaus 
1838, Arabellastr. 5, 8000 Munich 81, Germany * Phone: 92-321 »* INDIA—Electronic Enterprises, 46 Karani Building, New Charni Road, Bombay 4, India * Phone 

375375 * ISRAEL—Eastronics, Ltd., 75 Haifa Road, P.O. Box 21029, Tel-Aviv, Israel * Phone: 38352 ¢ ITALY—Special-Ind. Corporation, Piazza Spotorno, 20159 Milano 

Italy * Phone: 632-435 * JAPAN, HONG KONG, KOREA, TAIWAN—Takachiho Koheki Company Ltd., 1-7, Chome Kohjimachi, Chiyoda-Ku, Tokyo 102, Japan « Phone 

263-3211 * SWEDEN, DENMARK, FINLAND, NORWAY—Thrue F. Forsberg, Forshagatan 58, P.O. Box 79, Farsta 1, Sweden * Phone: 647040 * SWITZERLAND—Ernst M. Egli, 
Ingenieur—Bureau Ag, Witikonerstrasse 295, Zurich (CH 8053), Switzerland »* Phone: 53.38.11. 


Circle 900 on reader service card 


GH 28202 sweer oscnsator 


Now you can go from 10 MHz to 12.4 


GHz in either of two solid-state sweepers: 


the streamlined 8620B or the flexible 
8620A. 


The “plain’’ version will give you highly 


linear sweeps, stable CW and versatile 
modulation. Yet, including RF plug-ins, 
it costs 20 to 40 percent less than any 
similar combination on the market. The 
mainframe itself is a mere $975. 

The fancy 8620A mainframe will only 
set you back $1450. And it proves once 
again that good things do come in small 
packages. Advanced engineering has 
packed exceptional resolution, great set- 


ability and remarkable latitude of control 
into an instrument about half the size of 
previous models. Besides having push- 
button controls, it can even serve as a com- 
pletely programmable source for systems. 
For both plain and fancy versions, 
nobody can equal our approach to RF 
coverage. From 10 MHz to 12.4 GHz, you 
use low-cost octave bandwidth plug-ins 
or combine RF sources for multiband 
operation. (For example, you can con- 
figure a multiband plug-in to take you 
from 0.1 to 6.5 GHz or from 5.9 to 
12.4 GHz.) 


But whatever approach you choose, 


C. 


er ORE INPUT 
SAIN 


you'll get impressive solid-state perform- 
ance at attractive prices. 

It’s easy to select the best RF units and 
mainframe for your application; they're 
all described in our new sweeper brochure. 
Ask your local HP field engineer for a 
copy. Or write us for one at: Hewlett- 
Packard, Palo Alto, California 94304; 
Europe: 1217 Meyrin-Geneva, 
Switzerland. 04114 


HEWLETT pW) PACKARD 


SWEEP OSCILLATEORS 
Circle 1 on reader service card 


Can you imagine what the signal source of the future will 
be like? 

Will it have excellent frequency accuracy and stability? 

Better amplitude characteristics? 

Systems capability with inexpensive interfacing and 
software you can handle yourself? 

And how about a reasonable price tag? 

Well, the new Hewlett Packard 3320A and 3320B 
Frequency Synthesizers give you all this—plus a lot more! 

Both instruments give you frequency accuracy and 
Stability measured in a few parts per million per year. 
That's a thousand times better than any RC oscillator. 

They both give you the signal purity of a good RC 
oscillator—a new feature for a frequency synthesizer. 

The 3320B offers you amplitude accuracy, resolution 
and frequency response measured in a few hundredths 
dB over a 100-dB attenuation range. So it is both a fre- 
quency standard and a very precise level generator. 

The 3320A and 3320B have optional remote control 
and the 3320B can even be controlled directly from most 
tape readers or card readers (like the new HP 3260A 
Marked Card Programmer). 


And to top it off, the 3320 has the widest frequency — 


range of any test oscillator, programmable oscillator or 


...at $1900, 


low cost frequency synthesizer on today’s market, 0.01 
Hz to 13 MHz. 

How about the price tag? 

The 3320A, priced at $1900, and the 3320B at $2400 
give you two great buys in signal sources—both today 
and in the future. 

We call the 3320 ‘the new price/performance bench- 
mark for precision signal sources.”’ Electronics magazine 
called it a ‘‘pacesetter.’’ You'll call it ‘‘a steal.”’ 

For further information on the 3320A/B, contact your 
local HP field engineer. Or write Hewlett-Packard, Palo 
Alto, California 94304. In Europe: 1217 Meyrin-Geneva, 


Switzerland. — 
HEWLETT Bg PACKARD 
SIGNAL SOURCES 
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It’s a Steal! 
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Publisher’s letter 


he third and last of our yearly 

special reports on the major elec- 
tronics markets of the world is also 
the most extensive, covering as it 
does the entire U. S. market (see 
page 53). This year we’ve stuffed 
more data than ever before into 24 
pages of text and four pages of ta- 
bles. 

For example, the tables that start 
on page 77 have final figures for 
1970, estimates for 1971, and fore- 
casts for both 1972 and 1975. We’ve 
included 1970’s results both to help 
you compare subsequent develop- 
ments and because we’ve made ad- 
ditions and changes in many of the 
categories. 

This year, for the first time, we 
handled the gathering of the num- 
bers the same way we go after a 
news story. Instead of relying only 
on questionnaires sent to the knowl- 
edgeable men in all segments of the 
electronics industries, we sent our 
entire editorial staff out into action. 

From both personal interviews 
and telephone calls, the best esti- 
mates of between 500 and 600 top 
leaders were gathered by Electronics 
staffers in New York and around 
the country. These inputs were 
analyzed and, if unreasonable dis- 
crepancies turned up, rechecked 
company-by-company. 

And, of course, our reporters and 
editors used the personal contacts 
advantageously, gathering some of 
the details for the main report at the 
same time. 

And our new approach to putting 
our market report together led to an 
interesting qualitative improve- 
ment. We mentioned earlier that 
some of the categories were revised. 
Every year we do change a few of 
the labels on the tables as the indus- 


try segments themselves change. 
This year, though, because of our 
direct contact with industry leaders, 
we had direct feedback on which 
categories were becoming obsolete, 
which were growing so fast that they 
should be broken out as separate 
entries. And all that feedback came 
in while there was still time to react, 
time to get back and get the correct 
questions answered. 

We want to extend a very hearty 
“thank you” to all of you who con- 
tributed your time and knowledge 
to our survey. Your participation 
has made this year’s market report 
the most authoritative ever. 


o your left is our masthead. We 

would like to call particular at- 
tention to the entry “Managing Edi- 
tors” and to the name “Robert Hen- 
kel” because this issue is the last to 
list his name. Bob is leaving Elec- 
tronics after nearly five years as 
managing editor to join Business 
Week as technology editor. His 
strong news sense and determina- 
tion to put out the best possible 
news section issue after issue will be 
hard to beat. 

But if any one can do that it’s 
Larry Curran. Once assistant man- 
aging editor on Technology Week 
magazine, Larry has been in charge 
of our Los Angeles coverage since 
1967, and as the New Year rolls 
around Larry will move in from the 
West Coast to take over as manag- 
ing editor, news. 
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Fifteen. That's the number of waveforms you can get with Krohn-Hite’s 
Model 5100A. How? A unique Symmetry Control that allows pulse rep rate to 
be set independently of pulse width and also provides independently 
adjustable triangle slopes. You can skew any of the basic sine, square, 
triangle and ramp waveforms by as much as 99% to produce 10 additional 
functions. Frequency range of 0.002 Hz to 3 MHz can be manually tuned or 
externally controlled for VC of 1000:1. When you compare the 5100A with 
the rest, there’s quite a generation gap. For fast action, call The Wavemakers 
at (617) 491-3211, TWX 710-320-6583 Krohn-Hite Corporation, 580 Mass. 
Ave., Cambridge, Mass. 02139. 
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LJ tI KROHN-HITE 
CORPORATION 


OVERSEAS SALES OFFICES: AUSTRIA, Universal Elektronik Import; AUSTRALIA, Warburton 
O'Donnell Limited; BELGIUM, C. N. Rood s. a.; DENMARK, SC Metric A/S; ENGLAND, 


Vertriebs-GMBH; HOLLAND, C. N. Rood n. v.; INDIA, Bali International Agencies: ISRAEL, 
R.D.T. Electronics Engineering, Ltd.; ITALY, Vianello S.P.A.; JAPAN, Shoshin Shoji Kaisha, 
Ltd.; NEW ZEALAND, H.M.Z. Ltd.; SOUTH AFRICA, Protea Physical; SPAIN, Rema Leo 
Haag, S.A.; SWEDEN, Teleinstrument; SWITZERLAND, Megax Zurich GMBH. 
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It does 
everything a 
$2500 
rack-mount does. 
Only it does 
it for $2000. 


NEW R-1062 


Dumont’s new 5%-inch, 60MHz scope 
costs about $2000. Or about $500 less 
than everybody else’s. 

The reason? It comes without plug-in 
drawers, saving you the cost of all that 
hardware. 

So while you do sacrifice a little versa- 
tility (how often do you change the capa- 
bility of the rack-mounted scope in your 
system, really?), you gain a lot monetarily 
(our racks start at $1845). 

Not that we’ve compromised performance. 
Far from it. The full bandwidth triggering 
system is completely new. With new trig- 
ger level control circuits. As well as a 
new variable hold-off feature that provides 
synchronous triggering for digital words. 
All this, plus our exclusive trigger inde- 
pendence that lets you re-position the 
traces without re-adjusting the trigger 
level. 

There are other advantages. Like full 
60MHz bandwidth at 5 mV per division. 
Exceptional reliability. Off-the-shelf com- 
ponents. And simplified service. 

Find out all about it. Write for our litera- 
ture. 

DUMONT OSCILLOSCOPE 
LABORATORIES, INC. 

40 Fairfield Pl., West Caldwell, N.J. 07006 
(201) 575-8666; TWX (710) 734-4308 


Da 
DUMONT 
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Readers comment 


Information GaP 


To the Editor: The comparison be- 
tween GaP and GaAsP devices is 
difficult to make, especially as the 
easier technology of GaAsP has 
meant the earlier arrival of its prod- 
ucts in the market place. However, 
George Smith uses some distinctly 
outdated data on GaP in his article 
in your October 25th issue, and this 
leads to some doubtful conclusions 
about the prospects for GaP. Some 
of the important facts are: 
= GaP crystal diameters are not 
limited to 2 inch. Substrates up to | 
in. in diameter are now being sold, 
by my own company among others. 
= Red-emitting GaP diodes with ef- 
ficiencies up to 3% are sold by sev- 
eral firms, again including my own. 
These emit up to four times more 
light than the best available GaAsP 
diodes, at drive currents of 10-20 
milliamperes, and the comparison is 
still more favorable for GaP at 1-2- 
mA drive levels. 
= Mr. Smith makes the reflector 
technique sound a disadvantage. 
Yet it can save in semiconductor 
costs and in the number of bonds 
needed to make an array. 
= The present advantages of GaAsP 
are the somewhat lower material 
costs, the higher brightnesses avail- 
able for special applications, and 
the ability to make monolithic dif- 
fused arrays. However, there is no 
doubt that GaP will be challenging 
in all these areas. 
P.B. Hart 
The Plessey Co. Ltd. 
Caswell Towcester, Northants., 
England 
= Mr. Smith replies: 15 mm is the 
average diameter of GaP slices, only 
a few of which attain 25-mm diame- 
ters—and these cost $144 per square 
inch. Moreover, they seem not to be 
available in production quantities. In 
contrast, GaAsP slices are typically 
1% to 2 in.*, and—as Mr. Hart says— 
cost less, at $20/in.2 The reflector 
technique admittedly reduces costs, 
but at the sacrifice of luminance and 
off-axis performance. Finally, GaAsP 
chips are as likely to improve as are 
GaP chips. 


To the Editor: A recent article by 
George E. Smith on light-emitting 


diodes [Electronics, Oct. 25, 1971] 
contains a statement that gallium 
phosphide wafers are only about 4% 
in. in diameter and are not commer- 
cially available. This statement is 
completely incorrect, since we at 
Metals Research have been supply- 
ing l-in. wafers for the last 18 
months on a world basis and can 
now supply up to 14-in. wafers. 
A. J. Fletcher 
Metals Research Ltd. 
Melbourn Royston, Herts., England 


Bucket brigade vs CCD 


To the Editor: In a recent report on 
a bucket brigade self-scanned area 
imager under development at RCA 
[Electronics, Nov. 8, 1971, p. 32], the 
statement is made that the bucket 
brigade has “the salient advantage 
of not experiencing the charge 
transfer loss at high scanning rates 
that’s one problem with charge- 
coupled devices.” 

Not only is this statement untrue 
(the voltage dependence of the 
transconductance of the MOs tran- 
sistor gives rise to the same charge 
transfer behavior for both), but ad- 
ditional blurring effects can occur in 
the bucket brigade due to variations 
in clock pulse amplitude that do not 
occur in the CCD system. 

The report is also misleading in 
its discussion of the merits of charge 
transfer readout as compared to X- 
Y addressing. Apparently this com- 
parison was made in the context of a 
specific X-Y addressed photodiode 
imager. The conclusions, however, 
are framed as general problems of 
X-Y addressed systems, and in this 
context they are not correct. 

Jerome J. Tiemann 
General Electric Co., R&D Center 
Schenectady, N.Y. 
= Early versions of CCDs showed 
some charge transfer efficiency prob- 
lems at high transfer rates, leading 
some observers to wonder if these de- 
vices would be suitable for memories. 
But recent advances have assured re- 
searchers that rates as high as 20 
MHz to I GHz will be attainable. The 
X-Y addressing referred to in the re- 
port alluded to that used in today’s 
vidicons—a prime replacement target 
for much surface charge transport de- 
velopment effort. 
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DM8093 Tri-State Quad Buffer Ds, DM8599 (SN7489 Compatible) 64-Bit RAM 
DM8230 Bus Line Demultiplexer “4 DM8214 Dual 4-Line-to-1 Multiplexer 
DM8831 Party Line Driver o, ie (aA DM8093 Tri-State Quad Buffer 

DM8551 Quad-D Flip Flop _,~» DM8094 Tri-State Quad Buffer 

DM8094 Tri-State Quad Buffer (., #2. DM8230 Bus Line Demultiplexer 
DM8598 (SN7488 Compatible) 256- . * DM8551 Quadd-D Flip Flop 


Bit Expandable ROM DM8123 (FSC9322 or SN74157 
DM8214 Dual 4-Line-to-1 Compatible) Quad 2-Input 
Multiplexer Multiplexer 


DM8121 (SN74151 Compat- 
ible) 8-Channel 
Multiplexer 

DM8831 Party Line Driver 

DM8597 (SN74187 

y Compatible) 

1024-Bit ROM 

DM8598 (SN7488 Com- 

patible) 256- 
Bit Expandable 
ROM 


Ld) 


DM8095 Hex Buffer 
DM8553 8-Bit Latch 
' DM8096 Hex Inverter 
DM8554 Binary Counter/ 
5 Latch 
* DM8552 Decimal Counter/ 
Latch 
DM74200 (SN74200 
Equivalent) 
256-Bit RAM 
DM85L51 Low Power Quad-D Flip Flop 
DMO0000 Quad Transceiver-Transmitter 
Disable 
DM0000 Quad Transceiver-Transmitter/ 
Receiver Disable 


If what you’re doing has anything to do with 
mini computers or any digital design, why 
not deal directly with the source: 

National Semiconductor Corporation, 

2900 Semiconductor Drive, Santa Clara, 
California 95051. Phone (408) 732-5000. 


i ey F TWX: (910) 339-9240. Cable: NATSEMICON. 
Gi ond *Tri-State is a trademark of National Semiconductor Corporation. 
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..- Sprague makes three! 


SMALL ALUMINUM ‘LYTIC CAPACITORS 


TYPE 30D FOR 
INDUSTRIAL APPLICATIONS 


Will withstand 2000 hr. life 
test at 85C. Excellent stabil- 
ity, dissipation factor, leak- 
age current. Designed for 
business machines, instru- 
mentation equipment, etc. 
Write for Engineering Bulle- 
tin 3150A or; 


CIRCLE 157 ON SERVICE CARD. 


TYPE 500D FOR 
MODERATE-COST APPLICATIONS 


Good operating life charac- 
teristics, including stability, 
ESR, leakage current. Will 
withstand 1000 hr. life test 
at 85 C. Ideal for radio, TV, 
and other entertainment ap- 
plications. Write for Engineer- 
ing Bulletin 3149 or; 


CIRCLE 158 ON SERVICE CARD. 


TYPE WHIID FOR 
ECONOMY APPLICATIONS 


Welded construction, similar 
to higher-priced capacitors. 
Widely used in solid-state 
equipment where cost is of 
prime importance. Made by 
Sprague World Trade Corp. in 
Hong Kong. Write for Engi- 
neering Bulletin 3148C or; 


CIRCLE 159 ON SERVICE CARD. 


MORE FROM SPRAGUE ... THE BROAD-LINE 
PRODUCER OF ELECTRONIC PARTS 


as 
27 =e 


HALL EFFECT SWITCH ICs. Actuated 
magnetically, not mechanically or op- 
tically. Hall generator trigger circuit and 
signal amplification circuit on single sili- 
con chip. Reliable (no moving parts). 
Easy interfacing with DTL/TTL/MOS 


logic. High speed. Low cost. Write for 
Engineering Bulletin 27,402A or; 
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TYPE 36D POWERLYTIC® CAPACITORS. 
For use in computer power supplies, 
control equipment, energy storage, etc. 
Low impedance construction. Up to 
650,000 uF at 3 V. Ratings from 3 to 
450 V. Can be operated 
at 85 C. Tapped 10-32 
terminals simplify filter 
bank assembly. Write 
for Engineering Bulle- 
tin 3431C or; 
CIRCLE 162 ON 

READER SERVICE CARD. 


SPRAGUE 


THE MARK OF RELIABILITY 


U.L. LISTED FILTERS. Series JX5000 
for EDP equipment and general-purpose 
use. Rated 125/250 VAC, 0-60 Hz, 1 
thru 50 amps. 60 db @ 150 kHz, 80 db 
from .5 MHz thru 1 GHz. Special de- 
signs and rectangular multi-circuit units 
also available. Write for Engineering 
Bulletin 8210 or; 
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BLUE JACKET® RESISTORS. Vitreous- 
enamel power wirewound. Unique all- 
welded end-cap construction eliminates 
moisture paths along leads, anchors 
leads securely to resistor body. Expan- 
sion coefficients of vit- 
reous enamel, ceramic 
body, and end caps 
are closely matched. 
Write for Engineering 
Bulletin 7410E or; 


CIRCLE 163 ON 
READER SERVICE CARD. 


TECHNICAL LITERATURE SERVICE, SPRAGUE ELECTRIC CO.,35 MARSHALL ST., NORTH ADAMS, MASS. 01247 


48-1117 
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40 years ago 


From the pages of Electronics, January 1932 


The editors of Electronics have 
sketched the picture of the elec- 
tronic and radio arts as they exist to- 
day. The outlook we find encour- 
aging. In fact, if an accountant were 
to summarize the situation, he 
might, somewhat as follows, draw 
up “the electronic balance sheet.” 
Liabilities: Radio overproduction, 
engineering unemployment, financ- 
ing delays, idle factory capacity. 
Assets: New inventions, lower 
manufacturing costs, new tube uses 
for 200,000 plants; a million places 
for “electric eyes,” increasing pub- 
lic-address demand, a 300,000-car 
auto-radio market, and new op- 
portunities for radio, home-talkies, 
television, etc. in 19,000,000 homes. 


Early in 1932, television signals on a 
4-meter wavelength will be broad- 
cast over the densely populated 
New York City area from the tip of 
the airship mooring mast of the 
world’s tallest structure, the Empire 
State Building. It is expected to 
serve only an area within 15 to 25 
miles of the tower, as the waves are 
limited to visible distances, but even 
so, a ready-made audience of ten 
millions will be reached. 

Great secrecy has been main- 
tained concerning the new television 
transmitter, but it is understood that 
the 2.5 kw television unit will be of 
the arc-scanning type, covering 120 
lines and 24 frames per second. 


Television does anything but stand 
still. Interest centers around what is 
happening in the Empire State 
Building in New York, in the RCA- 
Victor laboratories in Camden, in 
the Philco Laboratories in Chicago 
where Majestic engineers are re- 
ported to be burning midnight oil, 
and in California where deForest is 
said to have a new system. 

Dealers or radio manufacturers 
who look to television to pull them 
out of the red in 1932 had better 
look elsewhere for their profits, ac- 
cording to those close to what is ac- 
tually going on. The Federal Radio 
Commission, admitting that prog- 
ress has been made in 1931, does 
not seem inclined to open the tele- 
vision bands. 
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= SNEW COUPLERS 
~~ ROM GENERAL LEETRI 
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For SPEED... type H10A SSL-Phototransistor 
Coupler offers typical 

e 3 usec turn on time 

e 60% transfer ratio 

e +10% variation in transfer ratio —55 to 100°C 


For GAIN ... type H10B SSL-Photo Darlington 
Coupler offers typical 
e 500% transfer ratio 


For POWER ... type H10C SSL-Light Activated 
SCR Coupler offers typical 


e 1 amp output with 15mA input 
e 1 psec turn on time 


And all H10 Series Couplers offer 1000V 
isolation in a hermetic TO-77 package. 


NEED 2,500V isolation? Try our PC Series Axial 
Lead Couplers. PC 4-73 for 125% transfer ratio. 
PC 15-26 offers 3 psec turn on time. 


General Electric 
uthorized General 
Electric Electronic 


For the com 


Electric distribu FOr 
Component Sales Office. 


GENERAL @@ ELECTRIC 


Semiconductor Products Department, Syracuse, New York 
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Split the 
usiness. 
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A\nd buy our 


Buy their Op amps and 
regulators. comparators. 


Now there are two places to buy your linears. 
1) From the guys who made them first, or 108 
2) From the guys who give you MIL STD &&8 
for free. 
We're the second one. And we have lots of 
all the numbers listed here in stock at 
Hamilton Avnet. 
We make most of their linear's except three. 
(We even make the regulator named LM105.) 
And, of course, they make everything we 
make. But, what the hell, we’re paying for 111 
this ad. 


Advanced Micro Devices, Inc.z 


Telephone 800-538-7904 toll free, and ask for Len Brown, or in California 408-732-2400. In Los Angeles. Steve Zelencik at 
213-360-2102. In Mid-America, Chuck Keogh at 312-297-4115. In the eastern United States. Steve Marks at 212-343-2220. or in 
Boston, Vince Sabella at 617-861-1550. 901 Thompson Place. Sunnyvale. California 94086/ TWX 910-339-9280/TLS 346306 
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The GR Systems Family 
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Bystems capability from General Radio 


Resistance trimming at speeds to 
10,000 trims per hour and accuracies 
to +0.1% is only the beginning with 
Micronetic’s néw Model 80 Laser 
Trim System. Now you can select the 
specific functional trimming capabil- 
ities you need to trim your fully as- 
sembled hybrid circuits. 
Functional trimming is fast 
and economical 

Trimming assembled hybrid cir- 
cuits to a functional specification 
can compensate for active device 
variations through the adjustment of 
only a few resistors. Throughput in- 
creases, yield improves, and the 
need for a separate final test opera- 
tion is eliminated. In addition, be- 
cause the Model 80 can functionally 
trim to compensate for wide fluctu- 
ations in active device parameters, 
specifications on these active de- 
vices can be relaxed for substantial 
; added cost savings. 

Fe General Radio instrumentation 
makes it possible 

Micronetic Systems has joined 

forces with General Radio Company 

to provide a complete functional 


trimming system. The Model 80 
measurement system is built by Gen- 
eral Radio in modular plug-in form. 
The basic module is the Resistance 
Measurement Unit, standard on the 
Model 80. Separate plug-in modules 
to measure ac and dc voltage and 
current, frequency, and capacitance 
are available as options to provide 
complete functional trimming capa- 
bilities. 


Functional Laser Trim 


Resistance Trimming is only the beginning... 
complete functional trimming is now a reality 


Functional software included 
Micronetic’s exclusive Resistor 
Trimming Language (RTL) software 
package allows complete flexibility 
by controlling all parameters of the 
laser trim system with simple English 
language statements. Instructions to 
control all the GR plug-in modules 
are included in the RTL software 
supplied with every Model 80. 


Lowest capital investment 

The standard system, complete 
with the basic resistance measure- 
ment module and RTL software, 
costs only $59,000, net FOB Water- 
town, Mass. Modular expansion ca- 
pability means you pay only for the 
capability you need. 

General Radio service 

The complete Model 80 System 
carries a full one-year warranty. 
Service, if required, is performed by 
General Radio’s worldwide service 
organization. 

Write or call Micronetic Systems 
or your local GR sales engineer for 
information on how you can save 
money with the Model 80. Resistance 
trimming is only the beginning . . . 


s s 
i J | Micronetic Systems, INC. co arsenal STREET, WATERTOWN, MASSACHUSETTS 02172 « 617 926-2570 


‘ae A GR ASSOCIATE 


NEW YORK (N.Y.) 212 964-2722 (N.J.) 201 791-8990 » BOSTON 617 646-0550 


General Radio 


CHICAGO 312 992-0800 * WASHINGTON, D.C. 301 881-5333 « LOS ANGELES 714 540-9830 
TORONTO 416 252-3395 * ZURICH (01) 55 24 20 


GRASON-STADLER 617 369-3787 ¢°TIME/DATA 415 327-8322 
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More 
power 
to 
you! 


In fact, our model 320L delivers 
the most power and widest 
bandwidth of any solid state 

instrument amplifier available. 
Easily mated with a wide variety of 
signal sources, it amplifies AM, 
FM, SSB, TV, Pulse and other 
complex modulations with | 
minimum distortion. Constant 
forward power is continuously 
available regardless of load match 
(from an open to a short). The 
320L provides over 20 watts of 
power from 100 KHz to 125 MHz 
with useful output all the way to 
160 MH, .. . and there’s no tuning. 


Applications include: 


@ RFI/EMI testing 
m@ NMR Spectroscopy 


@ Transmitter 
applications 


@ Laser modulation 


@ Signal distribution 


@ Testequipment . 
calibration 


@ Cable isolation 


For complete information 
write or call 
Electronic Navigation Industries, 
3000 Winton Road South, 
Rochester, New York 14623. 
(716) 473-6900 


ELECTRONIC 
NAVIGATION 
INDUSTRIES 
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Cooper says Litronix 
is over the hump 


“When I first looked at Litronix,” 
recalls Irving Cooper, the new direc- 
tor of sales at the Cupertino, Calif., 
light-emitting-diode product com- 
pany, “I saw a group of people, ex- 
pert in the fields of materials tech- 
nology, device fabrication, and 
display assembly techniques, but 
they lacked a good sales program— 
which I thought I could give them.” 
Cooper now has his chance. 

“Litronix is over the hump,” as 
Cooper puts it, “because it has sur- 
vived its first year or so of operation 
and has picked up a significant 
share [10%] of the LED market. And 
since we have a good customer base, 
the question is how fast can we 
grow. 

Cooper points out that the LED 
business “is a component business 
like ICS, and so sales and distribu- 
tion play a big role in the company’s 
growth.” Cooper has had 11 years of 
experience selling electronics com- 
ponents. With a BSME degree from 
the Newark College of Engineering 
in New Jersey, he joined the sales 
section in the electronic components 
department of Corning Glass Works 
in 1960. There he helped establish 
Corning as a major supplier of high- 
quality resistors and capacitors. In 
1965, he was transferred to Signetics 
Corp., a Corning subsidiary, where 
he held various sales and marketing 
jobs, the last one before joining Lit- 
ronix being general sales manager 
for all IC products. 

From his new post, Cooper sees 
things somewhat the way they were 
when he first entered the IC business 


4 
Cooper: '‘Lacked good sales program.”’ 


seven years ago. There are a few 
major LED suppliers and a lot of 
people looking to get into the busi- 
ness. For example, Cooper says, “I 
think that both National Semicon- 
ductor Corp. and Signetics will 
eventually be in the LED business, 
and so Litronix will do battle the 
same way Signetics did seven years 
ago. The difference is we started at 
Signetics with nothing.” 


Crowley sees IC business 
putting emphasis on service 


Meanwhile, back at Signetics, Irving 
Cooper’s replacement as general 
sales manager, Jerry Crowley, says 
that he is seeing significant changes 
in the IC business. “For one thing,” 
he says, “I see an element of matur- 
ity, which hasn’t existed for some 11 
years.” Part of this, he believes, is 
due to the tight business conditions 
that prevailed in 1971. “The econ- 
omy has caused a weeding out of 
some IC companies, while others are 


Crowley: Significant changes in the IC business—including ‘‘an element of maturity.’’ 


_Fluke’s new low cost synthesizer with 
_lower phase noise, low spurious content, 
~ high stability and high reliability means 


improved performance i In all signal 
generation and measurement uses 


e Low cost, $4995 base price 
e Excellent overall phase noise performance 


e Widest frequency coverage per dollar, 1 to 
160 MHz 


Low spurious content, —70 dB to —100 dB 
BCD programmable TTL positive true logic 
ALC gives better than --1 dB flatness 
Modular design simplifies special applications 
Stability to 2 parts in 10°/24 hours 

Switching speed is less than 1 ms 


Fluke’s new Model 6160 Frequency Synthesizer gives 
you a combination of flexibility, economy and overall 
performance heretofore unavailable. Meet the critical 
requirements of communications and test systems at an 
astonishing low price. Transform your design into prac- 
tical applications. 


Typical Applications 

Communications—as a local oscillator for receivers and 
transmitters. 

Microwave —as a stable incrementally tunable synthe- 
sizer for microwave sources. 

Radar—as a frequency control in a large system. 
Production test — as a programmable RF source to test 
filters and other RF devices. 

Nuclear Magnetic Resonance and acoustic studies. 


Arrange a demonstration today. 


Because the performance of the Fluke 6160 so far ex- 
ceeds that of competitive units, evaluation is difficult 
with conventional test equipment. We recommend an on 
site demo operating your equipment. No obligation of 
course. To arrange a demo or get complete information 
call your nearby Fluke Sales Engineer or write us di- 
rectly. 


f= | i j KE] Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211. TWX: 910-449-2850/ 
In Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. 


Phone: (04250) 70130. Telex: 884-52237/In the U.K., address Fluke International Corp., 
Garnett Close, Watford, WD2, 4TT. Phone: Watford, 33066. Telex: 934583. 
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BEFORE YOU 
GENTLEMEN, LIES THE 
ENEMY. THE DDC 
SYNCHRO-RESOLVER 
CONVERTER. HE IS SMALLER, 
FASTER AND MORE 
ACCURATE THAN 
WE ARE... 


HOW * 
COME %; 


Our matchbox-sized synchro-to-digital converter model ESDC, has 
every right to be smug. 

It’s smaller, lighter and more compact than those big jobs back 
there. (In fact, it requires only a fraction of the space of its closest 
competitor.) 

It’s far less expensive... up to 50% of the cost of some of the others. 
It’s rugged: meets the requirements of MIL-STD-202C. 

DDC’s ESDC series of synchro-to-digital converter modules are 
complete data conversion systems in subminiature form. These 
converters employ techniques formerly found only in the most 
expensive laboratory-grade equipment. They were designed from 
the start with all the performance factors the synchro engineer 
wants and needs. 

And it’s available right now, off the shelf. Why? Because DDC is 
the largest manufacturer of S/D and similar converters . .. and 
therefore one of your fastest sources of supply. 

Please let us tell you more about it. And about the rest of our data 
conversion and signal conditioning devices. Write us, or phone 
direct to either Steve Muth or Jim Sheahan. (516) 443-5330. 


SYNCHRO CONVERTERS 


ILC DATA DEVICE CORPORATION 


100 TEC STREET HICKSVILLE, N.Y. 11801 EL-72 
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realigning their priorities.” The re- 
sult, he says, is “a new emphasis on 
service.” 

Adding some service. In the past, 
Crowley feels, the semiconductor 
business was “all gleam, shine, and 
technology, but now it’s more distri- 
bution and service with the tech- 
nology held off for only those occa- 
sions when it’s needed.” 

Crowley, 33, worked for Motorola 
and Westinghouse before joining 
Signetics in 1963 as a device devel- 
opment engineer. 

He says that “the IC business is 
now split into three distinct cate- 
gories, and we are organizing to bet- 
ter serve them. There is the com- 
modity or supermarket business 
which our distributors serve, the sec- 
ond-tier customer who will be 
served by reps; and the guy who has 
to be sold with applications support 
and needs a direct link to the fac- 
tory. He will have to be served by 
our direct sales force.” 

The new sales manager feels 
qualified to run this new setup at 
Signetics because he has been on all 
sides of the fence. He has designed 
circuits, set up marketing plans for 
them, and sold them—his previous 
job at Signetics was MOS product 
manager. 

Into the fire. Crowley, a West 
Coast native who received his BSEE 
in 1961 from San Diego State Col- 
lege, recalls his entry into the sales 
business as not being the most 
pleasant. “It was mid-July, and 
when I got off the plane at Newark 
Airport the temperature was 95 and 
so was the humidity. 

“I no sooner got to the office, 
when my boss, Irving Cooper, told 
me he was leaving the East Coast to 
take a position at the home office in 
California. I asked him where do I 
start; he pointed toward Phila- 
delphia and said ‘go sell.’ ”. 

Now that he’s got Cooper’s old 
job as general sales manager, he is 
finding the job is not just to sell ICs. 
“We must differentiate what we are 
selling each customer so we can bet- 
ter serve them in the future. It’s as 
they teach in sales and marketing 
classes, if you worry about service 
first, then market share and profit 
will follow.” 
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_ projected MTTF of over 26,000 hours. And the actual have even added a 


_ Everyone offers One Year Warranties— 
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with a year warranty, you can’t know 
ist before you buy—unless the 
s conducted extensive reliability tests. 


ved reliability 
s has proven the reliability of theirHe-Ne The right Lase for: 
ver ¥2 million hours of life test datalogged § And now about the 

xtensive reliability data indicates a most popular model. 


average life of the tested lasers is over 14,000 hours; 
as the test continues, this average will rise toward 
the projected MTTF. 


so you'll likely find what you need. All. 
guaranteed output stability usually found only 

in more expensive models, and all are covered 

by our new life-test proven 18-month warranty. 


eF SSO OSSHOHHE HHO HH EHHOHHHHHSOTEHEHEHOSEEEEOOLENEE 


But, because our reliability tests have proven that 
our lasers will last over a year and a half 
(8,736 hours in a year), we can offer you an 


° Please send me more information on the fol- 
18 month warranty even if you operate the laser *, lowing proven He-Ne lasers. | understand that 
continuously. And this warranty will mean the ; all are backed by your life test proven 18- 
most to you because our reliability tests prove = shalt ae eee Mead 
you will seldom need it. . Power Supply and Powe! Supply 
Why these Lasers last so long . Power Model _ Price* Model Price* 
Manufacturing reliable lasers is not easy; others A O5mW 155 $ 99.50 EL ia 
have found that out. But we have been perfecting : ae ies a. : oa all « oe 
our techniques throughout the 9 years since we “ 4.0 mW 134-4 $465 1385-4 $515 
built the first commercial gas laser. Since then, r 5.0 mW 134-5 $625 135-5 $675 
we have perfected humidity resistant window : These lasers are also available as plasma 
seals in internal mirror tubes to virtually elimi- : tubes for OEM use. Inquire about quantity dis- 
nate tube failure due to moisture contamination; : count prices. i eae ee 
we have also eliminated dielectric deterioration a My requirements ere :epecial; please contact me 
as a failure mechanism through the development CONCOMING ice e seg oe ees a 
of premium hard dielectric reflector coatings. Name 


Organization 
Wa OONCSS | eed eB ee oe ea 
LO] ta ae niase paren eee orn oa Seen SORT ee ite ie 


Zip. Gode =. ei PRONG CaN ain hes 


Spectra Physics 1250 West Middlefield Road 
Mountain View, California 94040 (415) 961-2550 


And 4 years ago we began using cold aluminum 
cathodes—our customers have been buying 
increased reliability ever since. 


‘S¥) Spectra-Physics 
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Third In A Series : 
Reflections on Custom LSI 


Mutual Self-Interest Dictates 
Close User-Vendor Interaction 


Practical, proven, implemented, and growing fast? 
Yes. Custom MOS-LSI can also be a gamble. 

Many features have been forwarded as potential 
advantages of custom LSI over standard products. 
Smaller size and weight, very low power consumption, 
greater reliability, improved performance, are some of 
these and they are important considerations for some 
equipments. So is the marketing advantage achieved 
through proprietary designs. But the overriding impetus 
for MOS/LSI is cost — lower cost — and if the LSI design 
does not result in lower cost than an equivalent system 
of less complex components, chances are it will lose out 
in the final analysis. 


Decisions To Make 

MOS/LSI is not necessarily a panacea. Lower costs 
are not automatically obtained. Achievement of desir- 
able results from custom LSI is predicated on the follow- 
ing choices: 

Choose the right volume level product — If the end 
equipment is manufactured in very small quantities so 
that the total number of LSI circuits is small, custom 
design could turn out to be indigestibly expensive. 


Choose a competent supplier with 


Design know-how — The cost-effectiveness of the 
LSI part depends critically on the ability of the semi- 
conductor supplier to advise the potential user on how 
to achieve the most performance per dollar. 

Technology know-how — If the system concept 
clearly points to a particular technology, it is important 
that the semiconductor supplier be well-versed in this 
manufacturing technique. 

Adequate manufacturing capacity — Product intro- 
duction dates are usually critical, development time is 
usually short, and rapid high volume manufacturing 
buildup may spell the difference between hitting or 
missing the peak of the market for the new equipment. 

Under many circumstances, custom MOS/LSI makes 
a great deal of sense. With a hundred or more gate-cir- 
cuit equivalents on a small chip of silicon (in some 
state-of-the-art circuits over 6000 devices are being fab- 
ricated on a single chip) system manufacturing costs are 
substantially decreased. Fewer circuits per system means 
lower packaging cost, smaller board assembly labor costs 
and reduced inventories. 
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Mutual Risks and Joint Rewards 

It is clear that the advent of MOS/LSI has perturbed 
the customary relationships between IC user and IC 
maker. First and foremost. the user may have to relin- 


(1) SYSTEM DESCRIPTION 
we. 


FLOW DIAGRAM OF MOS/LSI 
SYSTEM DEVELOPMENT 


(2) SYSTEM LOGIC DESIGN (2a) SYSTEM LOGIC SIMULATION 


a 


System Description (1) involves definition 


[i SYSTEM PARTITIONING Ao. SYSTEM ECONOMIC ANALYSIS 


of desired system functions and major 
characteristics. System Logic Design (2) 


we 
FINAL SYSTEM SPECIFICATIONS 
(4) AND LOGIC DESIGN 


designates major logic scheme and 
defines system in terms of functional 
block diagram, while Partitioning (3) 


CHIP LOGIC DESIGN 


ae 2 


4 4(5a) CHIP LOGIC SIMULATION 


[c) CHIP LAYOUT DESIGN 


(7) CHIP LAYOUT VERIFICATION 


(8) FINAL CHIP ARTWORK 


TO xamieatiGa AND TEST 


quish his prerogative to sole and exclusive control over 
his equipment design. Frequently he finds the LSI sup- 
plier deeply involved in his system definition and design 
problems, and if his own MOS experience is limited he 
may find himself largely dependent on the semiconduc- 
tor manufacturer for development of a new LSI logic 
system. Strange as this position may be, it is a natural 
accompaniment of a technology where processing know- 
how, circuit design, and system design are so intimately 
and critically entwined in the success of the project. 

For his part, the LSI supplier may find that he has 
committed large portions of his engineering talent to 
the design of a set of custom chips for a single customer. 
Since the components manufacturer’s profit comes almost 
exclusively from the sale of the semiconductor parts, 
failure to go into production, for whatever the cause, 
results in an irretrievable loss of engineering effort. Even 
if the parts work fine, but the customer has misjudged 
the market for his new equipment, the results are equally 
damaging to the IC maker. For this reason the LSI 
maker has a strong motivation to do everything he can 
to help the customer develop the most cost effective LSI 
system that can be produced. 

With the success of the project spurred by such strong 
self interests on the part of both parties. the design 
responsibilities must be accepted jointly. At the start, 
the definition of the system 
features and capabilities — are for the equipment manu- 
facturer to determine. At the end, the processing of the 
LSI chips should be left to the supplier. 


- its intended functions, 


Creating A Design 

The process begins with the generation of a system 
description by the equipment manufacturer and ends with 
the fabrication of the prototype circuit by the supplier. 
The intermediate steps, the system design phase, usually 
involve a joint effort, requiring close communications 
between the user and his supplier. 

Two major milestones mark the path of system 
design. The first is the determination of the specifica- 
tions and logic of the final system. The second is the 


~~ POLYCELL LIBRARY AND 
(5b) SPECIAL CELL DESCRIPTION 


determines the number of chips required 
and the apportionment of the system, 
resulting in Final Specifications (4). Chip 
Logic Design (5) details the chip circuitry 
and Chip Layout (6) positions the logic 
cells and interconnects for maximum 
chip space utilization. After functional 
Verification (7), Final Art (8) is prepared 
by computer guided drafting machine. 


generation of the final artwork from which the circuits 
are fabricated. Numerous feedback loops among the 
various design blocks are necessary to accommodate 
the complexity of design procedures. 

Experience has shown that valuable interactive dia- 
logue can take place as early as the System Description 
stage. At the very least, the components manufacturers 
should be called upon for an economic analysis, since 
cost Is so strongly dependent on chip size, on manufac- 
turing processes, and on yield. 


Other Considerations 

Behind the optimism generated by skyrocketing LSI 
sales figures is the sobering realization that LSI, so far, 
has been the tool of a few sophisticated manufacturers. 
These companies have paid the tuition. The systems in 
use so far are early milestones toward a 1976 MOS/LSI 
market in the $300 to $600 million range that will be 
generated by many companies. Most of this growth will 
be in new applications which are not economically feasi- 
ble with present discrete or bipolar IC designs. Much of 
the new MOS/LSI will replace electromechanical or 
magnetic types of equipment. Fortunately for today’s 
newcomers to the field, they no longer need to climb the 
learning curve from the bottom rung. Enough design 
and manufacturing experience has been accumulated by 
semiconductor manufacturers so that many of the false 
starts and other pitfalls can be circumvented. 

This is the third in a series designed to present a 
realistic, objective analysis of MOS technology in a 
dynamic, competitive industry. For a more complete view 
of the fundamental concepts evolved from Motorola’s 
experience in major custom MOS/LSI projects, and of 
the broad scope of Motorola’s total MOS involvement, 
circle the reader service number or write to Motorola 
Semiconductor Products Inc., P.O. Box 20912, Phoenix, 
AZ 85036. 


MOTOROLA MOS 


—Directions in digital designs 


Coming Next: “PUTTING MOS TO WORK” 
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Accept 


No Substitutes! 


The New HP Series 9800 is the best program- 
mable calculator system now—and in the foreseeable 
future. Price. Performance. Simplicity of operation. 
No matter what criterion you use, there is absolutely 
no other system on the market that can match the Series 
9800. 


Only HP Offers You All This For The 
Low Price Of $2975 

To build your personal desk-top computing sys- 
tem, start with the Series 9800/Model 10 Program- 
mable Calculator. Your basic Model 10 comes with 
standard equipment that is either not available, or 
available only as an extra-cost option, on other ma- 
chines. 

If bad experiences have taught you that basic is 
synonymous with stripped—have no fear. The basic 
Model 10 can perform a complete regression analysis, 
or solve a system of 10 simultaneous equations. 


Only HP Offers You A Fully 
Modular Calculator 

The unique, modular/plug-in architecture of the 
Model 10 lets you “design” your own problem-solving 
system. You can expand the memory, add peripherals, 
or change the keyboard of your existing Model 10, at 
any time. 
Only HP Gives You A Fully 
Expandable Dual Memory 

The Model 10 has a unique dual memory system 
—one memory for programs and one for data. You can 
expand from the basic 500 program steps and 51 data 
registers to 2036 program steps and 111 data registers. 

Beware of simple number comparisons with other 
calculators. The refinements in the memory design and 
the keyboard make the Model 10 so efficient that in 
most cases it requires fewer steps to execute a given 
problem. 
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Only HP Lets You Design Your 
Own Keyboard 

Interchangeable keyboard plug-in blocks give you 
a choice of powerful Statistics or Mathematics func- 
tions, complete with their own memories, under single 
keystroke command. Another option, the User Definable 
Function plug-in, lets you customize individual keys 
with operations uniquely important to you. 


Only HP Offers An Alphanumeric Printer 

By simply inserting the exclusive HP Alphanumeric 
Printer Plug-in, you can automatically generate labels, 
program instructions, or messages—in English—right 
on the printer tape. 
Only HP Gives You A Wide Choice of 
Sophisticated Peripherals 

The I/O bus of the Model 10 lets you plug-in a 
Marked Card Reader, Paper Tape Reader, Digitizer, 
Typewriter, Tape Cassette, or the exc/us7ve X-Y Plotter 
that plots linear, log-log, semi-log, or polar plots, and 
writes alphanumerics. 


Only HP Offers You A Totally New System 

The Series 9800 is no paper tiger. It’s available 
now to free you from the drudgery of problem-solving 
so you can get on with your job of innovative thinking 
and designing. For more information or a “hands-on 
demonstration” at your desk, write: Hewlett-Packard, 
P.O. Box 301, Loveland, Colorado 80537. In Europe: 
1217 Meyrin-Geneva Switzerland. 


HEWLETT pW) PACKARD 


CALCULATOR PRODUCTS 
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The FUJITSU quality for sale in 
Reed switches 


Micro Reed Switches Type FDR-3, 4 and 7 


@ Sub-miniature size --- only 2.54 mm in ®@ Long life --- filled with inert gas and manufactured 
glass diameter. under exacting quality control. 
®@ Fast switching action --- Less than a tenth of ®@ Variety --- center-gap (FDR-3), (FDR-4) and 
what conventional magnetic el offset-gap (FDR-7) contacts, each 


switches take. > A . designed for minimized chatter. 
@ Max. continuous current 
--- 1 or 2 amperes. 


Reed Contact Contact Carry Pull-in Drop-out Operate Release Initial contact | Breakdown Shock Life 
switch form | rating current | amp-turn amp-turn time time resistance voltage 
eae 1A 10 min. | 
— 50 [ls max. aie 
FDR- A (make) = Sarr 
31-102 | Center gap DC 5 VA max. 2A 20~60 11~25 min. 
DC 50V max. | F | 800 Us max. | 150 millohms } { 30G | 10 million 
DC 0.5A max.| max. (107) 
FOR-4 8 min. 100 Us max. | | 
WA AM | | | | 350 V DC | | 
- A (make) minimum 
DR-7 Offset gap 20™~52 11 min. 50 Us max. 


@ Available with pre-soldered terminals. @ Glass diameter (max): 2.86 mm (FDR-3, 4 and 7) 
@ Full length: 56 mm (FDR-3), 44.2 mm (FDR-4),40 mm (FDR-7) © Glass length: 21.5 mm (FDR-3), 16.5 mm (FDR-4), 15.0 mm (FDR-7) 


@) FUJITSU LIMITED 


Communications and Electronics 
Marunouchi, Tokyo, Japan 


MAIM PRODUCTS © Telephone Exchange Equipment 1 Carrier Transmission Equipment © Radio Communication Equipment © Space Electronics Systems © Auto Radios & Car Stereos (TEN) £4) Electronic 
Computers & Peripheral Equipment (FACOM) C Telegraph & Data Communication Equipment 1) Numerical Controi Equipment (FANUC) 1) Remote Control & Tefemetering Equipment Ci Electronic Components 
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Meetings 


Integrated Optics Meeting: IEEE, 
OSA, Sands Hotel, Las Vegas, Feb. 
7-9 


Aerospace & Electronics Systems 
Winter Convention (WINCON): IEEE, 
Biltmore, Los Angeles, Feb. 8-10. 


International Solid State Circuits 
Conference: IEEE, Sheraton Hotel, 
University of Pennsylvania, Phila- 
delphia, Feb. 6-18. 


International Convention & Exhibi- 
tion: IEEE, Coliseum and N.Y. Hil- 
ton, New York, March 20-23. 


International Geoscience Electronics 
Symposium: IEEE, Marriott Twin 
Bridges Motor Hotel, Washington, 
D.C., April 9-14. 


International Conference on Mag- 
netics (INTERMAG): IEE, Kyoto In- 
ternational Conference Hall, Kyoto, 
Japan, April 19-21. 


Southwestern IEEE Conference & 
Exhibition (SWIEEECO): IEEE, Baker 
Hotel & Dallas Mem. Aud., Dallas, 
Texas, April 19-21. 


Off-Shore Technology Conference: 
IEEE, Astrohall, Houston, Texas, 
April 30—May 3. 


Spring Joint Computer Conference: 
IEEE, Convention Center, Atlantic 
City, N.J. May 15-18. 


CALL FOR PAPERS 


Conference on Precision Electro- 
magnetic Measurements: IEEE et. 
al., Boulder, Colo., June 26-29. Sub- 
mit all papers to Harold S. Boyne, 
chairman, Technical Program Com- 
mittee, National Bureau of Stan- 
dards, Boulder, Colo. 80302, no 
later than Jan. 15. 


USA-Japan Computer Conference: 
AFIPS, Oct. 3-5, Complete drafts 
should be submitted to the U.S. 
Technical Program Committee, Da- 
vid R. Brown, Stanford Research 
Institute, Palo Alto, Calif., or Etichi 
Goto, University of Tokyo, Japan, 
no later than March I. 
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FORMERLY 

RLSM 
VARADYNE 
AT TS 


Sys ee Ss 


A DIVISION OF VARAOYNE INC 


1020 TURNPIKE STREET, CANTON, MASS. 02021 /TEL. (617) 828-6395 TWX 710-348-0135 
_ Circle 140 on reader service card 


Talk to Gudebrod 
about your tying operation 
this month... 


A‘ about Lacing Tapes, harness rooms and systems. About 
temperature and vibration . speed and rejects! About 
Nylon, Dacron, Teflon, Nomex, Glass tapes and cords—treated 
and untreated . . . that meet or exceed military and industrial 
specifications, about cost comparisons with other methods . . . and 
all backed up with one hundred years of manufacturing knowledge. 

Dacron, Teflon, Nomex—Du Pont Registered Trade Marks 


Talk to Gudebrod this month! 


Write to this address for prompt return of our 
Product Data Catalog. 


Clocteoics Didilass 


Dept. 831 
(CJudebrod Bros. Silk Co., Inc. 12 South 12th Street, Philadelphia, Pa. 19107 
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ampeconomation 


Now...practical pluggability 


for ame less LSI 


and LED packages. 


AMP pluggable con- 
nector for substrates 
with top- or bottom- 
contact pads 


You've been hearing about the new leadless sub- 
strate LSI packages that will eliminate the handling 
problems of delicate leads and allow field replace- 
ment without mind-blowing soldering. 


AMP now has a line of special connectors designed 
to make pluggability of these leadless substrates 
practical and reliable. The AMP connectors feature 
zero entry force insertion, a contact design with 
stored spring energy to maintain reliable contact 
pressure, and a low profile. 
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AMP pluggable con- 
nector for substrates 
with edge -contact 
pads 


We have two types of these connectors for leadless 
LSI packages. One to mate with either top or bot- 
tom surface metalization, the other accepts the 
new packages with contact pads on the edge of the 
substrate. 


Get the latest word on the latest in LSI/LED plug- 
gability, by writing Industrial Division, AMP Incor- 
porated, Harrisburg, Pa. 17105. 


We also have a new version of 
this leadless connector that is 
designed to accept modular LED 
seven-segment displays. We can 
modify length and width to ac- 
commodate your complete LED 
display unit. 


ARAP 


INCORPORATED 


AMP locations worldwide: Barcelona, Brussels, Buenos Aires 
Frankfurt, London, Mexico City, Paris, Sao Paulo, s'Hertogenbosch 
(Holland), Sydney, Stockholm, Tokyo, Toronto, Turin, Vienna 
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Mostek 2-chip set 
includes memory, 
printing capability 


Lockheed sells 
plated wire line 
to Motorola 


New IEEE board 
must respond 
to amendment vote 


Electronics Newsletter 


January 3, 1972 


Following its single-chip circuit for small calculators [Electronics, Feb. 
1, 1971, p. 19], Mostek Corp. of Dallas will announce a two-chip C/MOS 
circuit for larger machines. The device points up a trend toward more 
complex functions on fewer chips—in fact, it’s the first standard C/MOS 
two-chip set to contain memory and printing capability as well as all 
the logic and operation functions. 

Like the one-chip predecessor, the new pair is ion implanted and 
performs addition, subtraction, multiplication, and division. It is in a 
standard 40-pin dual in-line package. 

The set will provide: automatic round-off; floating decimal on inter- 
mediate multiply and divide; selectable fixed point on any of 12 places 
on final result; indicators for overflow and memory usage; and a minus 
sign giving credit balance. 

Also featured is power clearing of all registers including memory— 
a feature usually found only in multichip sets—automatic constant stor- 
age, and fully decoded seven- or eight-segment outputs with full multi- 
plex circuitry. The chip sets will be available in 30 days, says Mostek. 


Lockheed Electronics Co. is the latest in a growing line of firms to get 
out of the plated-wire memory business, following Electronic Memories & 
Magnetics Corp., Xerox Data Systems, and the Librascope Group of 
Singer Corp. Lockheed has sold its complete plated wire manufacturing 
and development activity to the Government Electronics division of 
Motorola. 

A Lockheed Electronics spokesman says the firm “couldn’t envision a 
broad-based commercial business for plated wire,” but Motorola’s plated- 
wire systems have gone mainly into high-reliability military-aerospace 
oh tae The military still is an eager customer for plated wire (see 
p. 31). 

The Motorola division has been making plated-wire stacks and systems 
in Scottsdale, Ariz., for some time, and had been buying wire from 
Lockheed. The cash transaction adds significantly to Motorola’s in-house 
capabilities, and gives the firm Lockheed’s business backlog. Motorola 
has not disclosed if it will sell to outside customers or was mainly 
interested in expanding its ability to supply its own system needs. 


Engineers who want the IEEE to become more of a force in promoting 
the economic well being of members will have to be prepared to see their 
dues raised. That's the underlying dilemma facing the society’s new 
board at its first meeting Jan. 12 as it takes up the issue of how to react 
to sentiment among the membership favoring a more militant stance. 

The problem came to a head over a near-deadlock vote on a constitu- 
tional amendment that would have given the organization more flexibility 
to push engineering jobs as well as provide its traditional services. The 
membership’s vote—23,266 for adoption, 23,633 against, with two-thirds 
needed for passage—is the spur to board action. But the hooker is that 
EEs can’t expect to get the added service without paying more dues. 

The next move for the board will be to find out just how much more 


the members are willing to pay and how far into the new territory the 
institute can go. 
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3'4-digit display 
is built into 
multimeter probe 


Motorola to push 
n-channel MOS 


Voice prints okayed 
by Federal, high 
state courts 


More semiconductor 
memories passing 
tests, says Mow 


26 


Electronics Newsletter 


Light-emitting diodes are continuing to find their way into more and 
more applications. Keithley Instruments Inc. of Cleveland will announce 
this month a digital multimeter that incorporates a 314-digit LED display 
in the unit’s hand-held probe. The battery-operated, portable ac-de multi- 
meter, which will sell for $325, has automatic ranging and polarity and 
can be used as a bench-type instrument with the probe stored in the front 
panel, 


Motorola Semiconductor plans heavy emphasis on n-channel as well as 
complementary MOS. James Nord, MOS marketing manager, says he’s 
planning to introduce two n-channel 8,000-bit ROMs and a static shift 
register, all of which have silicon gates. Nord looks for all these parts 
to reach “significant” volume production in 1973, after a year’s design-in 
time, for 1974's data-processing products. 

At the same time, some 30% of the division’s total investment expense 
is already going for C/MOS parts, with about half that effort for the 
timepiece market, says John Ekiss, MOS operations manager. Eight parts 
in Motorola’s series 14,000 C/MOS are already on the market, and the 
division plans to introduce 10 C/MOS products in each quarter of 1972. 
Most of them will use MSI technology, and less than half will be RCA 
parts that Motorola is second sourcing. 


Voice print technology, which positively identifies a speaker from his 
sound spectrogram, is well on the way to becoming a common forensic 
tool. In a mid-December pretrial hearing, a U.S. district court judge 
ruled that the voice print of a defendant was admissible as evidence 
against him—the first such sound spectrogram to be accepted in a 
Federal court. Dr. Oscar I. Tosi of Michigan State University’s Depart- 
ment of Audiology and Speech Sciences, who recently completed a 
study of speaker identification for the Law Enforcement Assistance 
Administration [Electronics, Oct. 11, 1971, p. 52], testified that a 
person’s voice print is as unique as his fingerprint. 

In addition, in a November landmark decision, the Minnesota Supreme 
Court held that the issuance of a warrant for arrest and a search warrant 
was justified by the voice print technique, and that sound spectrograms 
should be admissible “at least for the purpose of corroborating opinions 
as to identification by ear alone,” and for the purpose of impeachment of 
a witness. 


Most semiconductor memory manufacturers are now making parts that 
pass tests, says a major LSI test-system maker, a condition that didn’t 
exist a year ago. The results, according to William C. W. Mow, president 
of Macrodata Co., is that 1972 could be the year for such memories to 
take off. 

Mow bases his bullishness in part on the fact that the company shipped 
more than 60 of its low-priced MD-100 memory testers last year and 
has orders for several of the more sophisticated MD-150 systems. 

Another good indicator is Mow’s prediction of an 80% increase in sales 
for his Chatsworth, Calif., company, primarily in semiconductor memory 
testers. That would put Macrodata close to the $5 million mark in sales 
by year’s end. 
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13 STANDARD RESISTORS 


13 STANDARD RESISTORS 


Helipot’s one-piece money saver 


saves time and space, foo. 


To keep working with discrete standard resis- 
tors just isn’t logical. Not when there are 
ceramic DIPs available that do the same jobs 
in less space — quicker, easier and cheaper. 
Whether inserted automatically or by hand. 


(Check the specs.) No wasted time while 
they’re “made to order,”’ unless you want custom 
modifications, which we can do fast. 

And remember, ceramic. Ceramic reliability 
at plastic prices. 


Stocked locally for immediate deliv- . Why wait? Call your local Helipot 
ery, too. At “on the board” cost-saving Representative now for applications 


prices, in small or large quantities. 


INSTRUMENTS, INC 
HELIPOT DIVISION 


Fullerton, California 


MODEL SERIES 899-1 

Resistance Values (ohms): 100, 150, 
220, 330, 470, 680, 1K, 1.5K, 2K, 2.2K, 
3.3K, 4.7K, 6K, 6.8K, 10K, 15K, 22K. 
Common Applications: Digital pulse 
squaring; MOS/ROM pull-up/ pull- 
down; “wired OR” pull-up; power 
driver pull-up; open collector pull- 
up; TTL input pull-down; TTL 
unused gate pull-up; high-speed 
parallel pull-up. 

Standard Tolerance: + 2.0% 


Pricing: 1-99 $1.45 
100-499 1.12 
500-999 0.97 


MODEL SERIES 899-2 

Resistance Value (ohms): 10K 
Common Applications: Inverting 
operational gain; potentiometric 
gain; differential gain; noninverting 
gain; gain adjustment. 

Standard Tolerance: + 2% 


Pricing: 1-99 $2.75 
100-499 2.15 
500-999 1.86 


assistance or more information. 


MODEL SERIES 899-3 

Resistance Values (ohms):’68, 100, 
110, 150, 220, 330, 470, 680, 1K, 1.5K 
2.2K, 3.3K, 4.7K, 6.8K, 10K, 15K, 22K. 
Common Applications: Line termi- 
nation; long-line impedance balanc- 
ing; power gate pull-up; ECL output 
pull-down resistors; LED current 
limiting; power driver pull-up; 
“wired OR” pull-up; TTL input 
pull-down. 

Standard Tolerance: + 2% 


Pricing: 1-99 $1.25 
100-499 0.99 
500-999 0.86 
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it bolts! 
it screws! 
it rivets! 
it welds! 
it joins! 
it chucks! 
it locks! 
it mounts! 
it retains! 
it seals! 
it wedges! 
it braces! 
it's liquid! 
it's solid! 
it's four! 


it Fits! 


its Vigor’ Aron Alpha’! ! 
four new miracle high strength rapid bonding adhesives.. 


ousands of companies are now using Vigor® Aron Alpha®. If you haven't tested it yet you're in for a cost saving surprise 
p f Y ; 


Write for Technical Specifications and Brochure. A sample will be sent if requested on your letterhead. 


’ ere) 5 doy COMPANY) Division of B. Jadow & Sons, Inc. 
53 West 23 Street @ New York, N.Y. 10010 


(212) 989-5522 
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Electronics review 


Significant developments in technology and business 


is RCA 


turning away 
from technology? 


Company officials claim 
their cutbacks in electronics 
operations are merely 
timely ‘‘belt-tightening”’ 


The effects of RCA’s $250 million 
writeoff of its computer operation 
are beginning to be felt throughout 
the corporation. While an official 
spokesman says that what is going 
on is merely an overall “belt-tight- 
ening,” with no special squeeze on 
science and technology, other com- 
pany sources disagree. 

Not only are RCA’s bankers press- 
ing cost-cutting measures, those 
sources say, but they also want a 
better return on the investment dol- 
lar. The corporation may do this by 
expanding into new nonelectronic 
areas. 

“We are de-emphasizing science 
and technology,” flatly states one in- 
sider. “Our goal now seems to be to 
become a low-technology, high- 
profit-margin conglomerate,” he 
says, pointing to some of RCA’s ac- 
quisitions. Among them are auto 
renter Hertz Corp., publisher Ran- 
dom House, and, more recently, in- 
dustrial-real-estate manager Cush- 
man and Wakefield, and frozen- 
food producer Banquet Foods. The 
opinions of these companies are re- 
ported to carry considerable weight 
around RCA. 

Changes in Jersey. The RCA 
watcher can find evidence to back 
the contention that a shift from 
high-technology areas may already 
have begun. For one, changes have 
been going on in the Solid State di- 
vision in Somerville, N.J., long un- 
derstood to be a money-losing oper- 
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ation. Last November, it 
discontinued development of gal- 
lium arsenide light-emitting diodes 
and semiconductor lasers. Only a 
handful of the people originally in- 
volved in the work were relocated to 
RCA’s tube plant in Lancaster. 

Regardless of the official position, 
others say that RCA’s liquid crystal 
effort has been largely eviscerated. 
Only about a half dozen people out 
of what was once as many as 30 may 
remain. The company now says it’s 
concentrating on applying the liquid 
crystals to digital readouts for min- 
icalculators and instruments. It has 
abandoned last summer’s idea of us- 
ing them in ad displays. 

Perhaps the mood of RCA’s man- 
agement is best summed up by one 
engineer still at the Solid State divi- 
sion: “They’re laying off the best 
people, the flexible ones they used 
to depend on for growth, and lock- 
ing into people satisfied to do spe- 
cific tasks. They want to get a profit 
on the areas they’re committed to, 
and don’t mind cutting back on the 
technologies whose payoff is in the 
future.” 

Employment in Solid State is at 
1,750 after 126 layoffs in the last two 


Meanwhile, at CBS. . 


Cutback in long-term technical 
commitment in favor of short-term 
cash position has also hit CBs’ EvR 
operations. The company’s official 
position at year-end was that the 
Electronics Video Recording pro- 
gram would be ‘“‘restructured.”’ After 
months of rumor, cBs says it’s stop- 
ping production of players and cart- 
ridges in the U. S. because of cost. 


months of 1971. But a division 
spokesman blames the generally de- 
pressed state of the economy and 
retrenchment, adding: “The com- 
puter division’s demise had very 
limited impact on our decision to 
cut staff. Sales to that division were 
less than 4% in 1970 and 1971.” 

Despite that outlook, other things 
have happened to dim the overall 
picture. The latest is that the man- 
agement of the division’s Tech- 
nology Center in Somerville is being 
taken over, beginning this month, 
by the David Sarnoff Research Cen- 
ter down the road in Princeton, N.J. 
The official reason given for the 
transfer, involving as many as 400 
people, is that the Technology Cen- 
ter’s activities are really more 
closely related to what the Princeton 
laboratories are doing, making man- 
agerial economies possible. 

Center layoffs. The Sarnoff Re- 
search Center itself recently laid off 
68 of its 1,350 people, about one- 
third of them high-level technical 
personnel. This cutback was attrib- 
uted to the fact that the center was 
no longer supporting the efforts of 
the computer division. But among 
the casualties were two men who re- 


cBS enjoyed a headstart in the 
commercial and education market 
for its video player, but had costly 
bugs in production, requiring con- 
tinued attention from css Labora- 
tories, which developed the play- 
back-only system. According to 
reports, EvR partners in England, |m- 
perial Chemical Industries and CiBA, 
will take over production. 
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1969 


Segment of Industry 


Consumer electronics...............» 
Defense electronics 


signed: Fred Rosi, staff vice presi- 
dent for materials and device re- 
search, and Leonard Weisberg, who 
headed the semiconductor device 
research laboratory. They left, says 
an RCA spokesman, because their 
“personal philosophy for research 
differed from RCA’s management 
with respect to meeting the require- 
ments of the company’s [product] 
divisions.” 

RCA’s corporate staff is also re- 
ported to be cutting back, by as 
much as 30% in some departments. 
And last month, the company an- 
nounced it was transferring the Se- 
lectaVision business development 
function to the RCA Consumer Elec- 
tronics division in Indianapolis. 
Other cost-cutting steps included 
phasing out its magnetic products 
business, which included computer 
tapes, disk packs, and audio and 
video recording tapes, and closing 
the ServiceAmerica operation. Ser- 
viceAmerica was supposed to ser- 
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1970 1971 


Nov. '71 Oct. '71* Nov. '70 


vice all makes of television sets and 
other home entertainment products. 
Although annual volume had 
reached $1.5 million, the operation 
was apparently still not profitable. 

And RCA has folded its quarterly, 
Electronic Age. 


Companies 


Motorola opening MOS 
design center in Boston 


MOS manufacturers have been won- 
dering for the last few years how 
best to interface with their custom 
chip buyers at the design stage. 
Most of the major MOS houses ei- 
ther invite the customer to their fa- 
cility, or send design teams to him. 
Collins Radio Co. has even tried— 
with little success—to offer remote 
data entry into a central Collins 
computer complex [Electronics, 


Electronics 
Index of 


Activity 


Jan. 3, 1972 


The total production index rose in No- 
vember 1971 for the third straight month. 
However, while increasing 0.4% over Oc- 
tober, it was still 5% below its year-ago 
figure. 

The monthly increase was accom- 
plished even though only one compo- 
nent of the index moved upward. The 
1.7% gain by defense was enough to do 
the job, though that sector was still 7% 
behind its November 1970 total. 

Consumer electronics was down 
1.3%, leaving it 1.6% off from 1970. In- 
dustrial-commercial dipped 0.1% to lag a 
full 5% behind the comparable month in 
1970. 


Indexes chart pace of production volume for total in- 
dustry and each segment. The base period, equal to 
100, is the average of 1965 monthly output for each of 
the three parts of the industry. Index numbers are ex- 
pressed as a percentage of the base period. Data is 


seasonally adjusted. 
* Revised. 


Nov. 23, 1970, p. 32]. Now, Moto- 
rola’s Semiconductor Products divi- 
sion has decided to take complete 
design centers, and the people to 
staff them, to the customer. John 
Ekiss, operations manager for MOS, 
believes this is the first attempt to 
take the total design capability to 
the customer. 

The first remote MOS design site 
in Boston is scheduled to be online 
by September | and will be known 
as the Eastern Design Center. It will 
be equipped with Control Data 
Corp. 1700 and Digital Equipment 
Corp. PDP-11 computers, both driv- 
ing a variety of peripheral devices 
required for MOS/LSI design. 

More to come. Robert Diamond, 
who has been named manager of re- 
mote design centers, will head the 
eastern facility and Al Sheng will be 
its technical director. As the first in 
what Motorola hopes is a series of 
remote sites, the center will be ca- 
pable of duplicating the MOs cell li- 
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brary and all the processes that exist 
in Phoenix and Mesa, Ariz. The 
staff and equipment will be capable 
of doing everything, from system 
partitioning through logic simula- 
tion to artwork generation. 

Togetherness. Diamond says the 
intent is to work closely with the 
customer very early in the design, 
and eventually to make him so con- 
versant with Motorola’s systems and 
processes that he can do his own de- 
sign, with Motorola engineering act- 
ing as consultants. 

Confirming the division’s commit- 
ment to the remote design center 
concept, Jack C. Haenichen, vice 
president and director of MOS oper- 
ations, says that the budget for the 
eastern centers first year is 
$200,000, on which he expects no re- 
turn, even though customer discus- 
sions have begun. Further, the cen- 
ter is already funded for a year. 

“IT can’t envision this costing us 
more than a couple million dollars 
before we know if it will pay off,” 
the outspoken Haenichen says. If 
it’s a success, “we'll have several 
other centers up and running by 
1973,” he continues, pointing out 
that the initial software outlays will 
be a one-time cost. 

Haenichen and Diamond agree 
that Motorola’s objective is to make 
the customer a key member of the 
design team—to have him design LsI 
chips instead of circuit boards. “We 
want to teach him how to design, 
give him the gear to do it, and then 
produce the chips for him,” Haeni- 
chen asserts. 


Memories 


SEMI delivers bipolar 
system to RCA for Aegis 


Semiconductor memories still seem 
to be more promise than production 
reality, but the military has a chance 
to evaluate thoroughly a large, fast 
system now that Semiconductor 
Electronic Memories Inc. of Phoe- 
nix, Ariz., has delivered one to RCA. 
Significantly, the mass memories are 
bipolar units, as were the first semi- 
conductor memories to go into pro- 
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duction computers in the IBM 370 
series. 

The SEMI system will be used in 
the multifunction array radar of the 
Navy’s Project Aegis fleet defense 
system [Electronics, Dec. 7, 1970, p. 
25] to store the location of multiple 
targets. RCA is prime contractor. 

Donald Winstead, SEMI’s vice 
president and director of marketing, 
characterizes the delivered system 
as “the first high-density, high- 
speed, militarized semiconductor 
read-write random-access memory 
system ever produced.” It has a ca- 
pacity of 344,064 bits which can be 
boosted by paralleling. 

He says the system could be made 
with dynamic MOS shift registers, 
but with a different organization 
that would also increase the system 
power consumption beyond that of 
the bipolar arrays. Further, the par- 
alleled and individually clocked 
MOS devices could not provide true 
random access, which the bipolar 
units do. SEMI’s basic storage mod- 
ule is made up of two chips, each 
containing 64 words by two bits, to- 
taling 236 bits of storage. SEMI uses a 
solder bump technique to bond the 
dice to a ceramic substrate [Elec- 
tronics, Feb. 2, 1970, p. 40], pattern- 
ing its process after the IBM ap- 
proach. 


Up to now, military semicon- 
ductor memory systems have been 
built up from 16- or 64-bit chips, 
and used primarily in buffer and 
scratchpad applications, Winstead 
points out. The SEMI unit, a pro- 
totype, is the only memory that will 
meet the Aegis performance specs, 
in Winstead’s opinion, putting the 
company in an advantageous posi- 
tion for any future procurement. 

Money pinch. SEMI, however, is 
fighting for survival, after having 
had its financial pins knocked from 
under it by former backer Electronic 
Memories & Magnetics Corp. of 
Los Angeles [Electronics, Dec. 6, 
1971, p. 25.]. 

Nevertheless, Winstead says, the 
memory unit built for RCA could be 
further enhanced by upgrading to a 
512-bit module (two 256-bit chips) 
that’s to be ready in May. 


Plated wire’s shiny future 
boosted by Nemonic deal 


Although the glamor and excite- 
ment of memory technology seems 
to lie in the continuing battle be- 
tween tried-and-true ferrite cores 
and upstart semiconductor arrays, 
there’s still a lot of plated-wire ac- 


Store’s open. SEMI's bipolar memory system for Navy's Project Aegis. It will serve in the 
multifunction array radar to store locations of a variety of targets at long ranges. 
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tion in the background. It’s making 
money for companies such as 
Memory Systems Inc. of Haw- 
thorne, Calif., and Nemonic Data 
Systems Inc., of Denver, Colo. 

Plated wire is no longer a serious 
contender for general-purpose com- 
puter memories—although Univac 
and a few overseas firms would dis- 
pute that. But Bruce Kaufman, 
president of Memory Systems, says 
his company is doing very well in 
the industrial-control market, and 
feels that plated wire has an excel- 
lent future in military and aerospace 
applications as well, thanks to its 
nonvolatility [see p.54]. 

However, the most recent opti- 
mistic indicator is an agreement be- 
tween Nemonic Data Systems and 
scl Electronics Inc. of Huntsville, 
Ala. Nemonic supplies plated-wire 
stacks around which ScI builds 
memory systems. 

Sole source. SCI’s principal busi- 
ness since its founding in 1961 has 
been contracts for data manage- 
ment and control subsystems in 
various aerospace projects—notably 
the experiments package in the 
Apollo 15 service module. Many of 
these subsystems required memo- 
ries, and in many of them SCI used 
plated wire, which it bought from 
various sources, principally Honey- 
well. Now SCI is building stand- 
alone plated-wire systems and _ its 
agreement.calls for Nemonic to be 
the sole source for the plated-wire 
stacks. 

For scl, Nemonic is supplying a 
variety of stacks, ranging from a 
wee 20-bit-by-16-word buffer to a 
respectable 8,192-word-by-24-bit ar- 
ray, with prospects of even larger 
capacities to come—all built to mili- 
tary specifications. In the few 
months that Sci has been building 
such systems, it has sold several to 
customers such as the University of 
Colorado, for a computer aboard 
the Orbiting Solar Observatory, and 
the Jet Propulsion Laboratory for 
the Viking orbiter. 

By and large, Nemonic’s business 
has been about 40% military and 
60% commercial, says Robert A. 
Fillingham, president. The commer- 
cial memories are going largely for 
industrial control systems, as are 
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Kaufman’s products. Fillingham’s 
two-year-old firm [Electronics, Mar. 
30, 1970, p.47] turned a profit for 
the first time in September, shipping 
an average of $90,000 worth of wire 
per month and a healthy $122,000 
total in December—out of an 
$800,000 backlog. 


Components 


Battery offers high voltage, 
10-year shelf life 


A pilot plant to produce the first 
solid state battery intended for the 
commercial market has been set up 
by the Mallory Battery Co. The 
power source, which could find its 
way into pacemakers, ordnance 
fuzes, and other high-voltage, low- 
drain circuits, already has been pro- 
vided in prototype form to several 
selected potential customers. 

Main features of the solid state 
battery, says Don G. Wilson, vice 
president for research, engineering, 
and environmental affairs for the 
parent P.R. Mallory & Co. Inc., In- 
dianapolis, are a variety of voltage 
and current drain ratings, high volt- 
ages in small space, a projected shelf 
life of at least 10 years, operation at 
over 100°C, no gas or corrosion, and 
hermetic sealing. 

The basic cell in the battery con- 


sists of a lithium anode, solid lith- 
ium iodide as the electrolyte, and a 
heavy-metal halide as the cathode. 
The open circuit voltage is 1.9 volts, 
and the cell’s current density is 50 
microamperes per square centime- 
ter. Higher voltages are attained by 
stacking additional cells. Since only 
the complete battery must be en- 
closed, there’s less case material to 
take up space. The energy density 
ranges from 1.0 to 3.5 watts per cu- 
bic inch, depending on the voltage 
and capacity of the solid state bat- 
tery. 
One model of the solid state cell 
delivers 50 Vv with a capacity of 10 
milliampere-hours and will last 
1,000 hours at a drain rate of 10 mi- 
croamperes. The cell fits into a 
package 0.65 inch in diameter by 
0.80 in. long. Other units can deliver 
from 7.4 V to 200 V. 

Until field tests provide some clue 
to potential production volumes, 
Mallory won’t quote prices. 


Communications 


Comsat speeds logic 
in digital circuits 


By using ingenuity plus some stan- 
dard Fairchild and Motorola emit- 
ter-coupled-logic devices, engineers 
at Communications Satellite Corp.’s 


Power pile. Higher voltages may be gained with Mallory’s solid state battery by stacking ad- 
ditional cells. Diagram shows two cells. New battery has projected shelf life of 10 years. 


ANODE CURRENT COLLECTOR 


CATHODE 


CATHODE 


CATHODE CURRENT COLLECTOR 


Electronics/January 3, 1972 


« 


. 


$$$ 


performance 


SAVE / GAIN 


50-MHz oscilloscope with: 


over any other 50-MHz, 
plug-in oscilloscope. 


5-mV dual-trace amplifier and delaying sweep _s 2 2 O O 
5-mV dual-trace amplifier and single time base ......... 1 oy O O 
5-mV single-trace amplifier and single time base ....... 1 6 / O 


AND LOOK AT THESE BONUSES: ({3 plug-in compartments and 


TEKTROND©G 
SS committed to 
technical excellence 
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mainframe mode switching 


[MW 6%-inch CRT — 50% larger 
than 8x10cm CRT’s 


IM time bases have 5 ns/div 
sweep rate 


[M amplifiers and time bases 
accurate within 2% 


high writing-rate CRT 
gives a brighter trace 


iM 5% -inch rackmount version 


If you wish, select a plug-in for the second 
vertical compartment to give you 10 uV/div at 
1 MHz or 1 mV/div at 55 MHz or 1 mA/div at 
55 MHz or another dual-trace unit for 4-trace 
capability, etc., etc. Plug-in prices start at a 
low $270. Call your nearby TEKTRONIX Field 
Engineer today for a demonstration, or write: 
Tektronix, Inc., P.O. Box 500, Beaverton, Ore- 
gon 97005. 


(403N OScillOSCOPE snus cease was oe cx $950 
R403N OscillOSCOPe «2. s.66.d.05 06 565 0.0 $1050 
7A18 Dual-Trace Amplifier, Option 1 .... $500 
7A15 Single-Trace Amplifier .......... $270 
7B53N Dual Time Base ............... $750 
(B50) Tite: BAaSe) & cwhs ws ss casas sac seen $450 


U.S. Sales Prices FOB Beaverton, Oregon 
TEKTRONIX lease and rental programs are available in U.S. 
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laboratories are developing digital 
logic functions on circuit cards with 
speeds up to 350 megabits per sec- 
ond. That’s 10 to 15 times faster 
than anything else available. 

While researchers elsewhere have 
attained such speed on the bench, 
Pradman Kaul, engineer in the 
switching and multiplexing tech- 
niques branch, says that Comsat 
Labs is already using 50-to-150 
megabit circuits in systems and is 
readying the 350-megabit devices 
for use while trying to achieve even 
higher digital speeds. 

Filling a need. The Maryland lab 
began developing high-speed func- 
tion cards for in-house use when it 
found that, although individual 
high-speed devices were available, 
there were no functional circuits ob- 
tainable for its specialized commu- 
nications work. The lab now has a 
library of 70 circuit cards in the 70- 
to-150-megabit range with such 
functions as 512-bit memories, dec- 
ade counters, and shift registers 
“available off-the-shelf to anyone at 
Comsat,” says Kaul. 

The way to get 350-megabit 
speeds is the essence of simplicity: 
place uncased integrated circuits on 
the periphery of a chip, and reduce 
the real estate and interconnections 
in the middle, says Kaul. A decoder 
decade counter, for example, uses 
resistor chips of tantalum nitride on 
silicon. There are 12 resistors on a 
50-by-50-mil chip and the whole 
functional area is an inch square. 

But besides the use of nonsaturat- 
ing ECL elements, says O. Gene 
Babbard, who developed the high- 
speed line for Comsat, there are sey- 
eral other factors which permit high 
speeds: the use of the largest pos- 
sible ground plane on one side of 
each card, the building of a “ground 
screen” into each card chassis before 
the signal interconnects are added, 
the use of microstrip transmission 
lines for the on-card distribution of 
clock, strobe signals and the like, 
and the building of completely 
functional networks on a card. 

In a decade counter with integral 
binary-to-decimal decoding, for ex- 
ample, the ground plane, which cov- 
ers about 75% of the board, estab- 
lishes a stable ground reference for 
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the ECL circuits. It also provides a 
backup plane for the microstrip 
transmission lines and reduces the 
impedance of most of the inter- 
connections to about 50 ohms. 

Eight-layer board. The 50-mega- 
bit circuits are packaged in eight- 
layer hybrid ceramic boards, which 
gives three interconnect layers and 
one layer on each side to shield the 
power supply. Single-wire-wrap 
techniques are used for intercon- 
nections up to 6 inches, Kaul says. 

The transmission mode is via 
four-phased phase-shift key mod- 
ems but the laboratories are build- 
ing eight- and 16-phase versions. 

Besides digital communications, 
the logic cards show promise for ra- 
dar signal processing, digital filters, 
and audio and video bandwidth 
compression. 


Materials 


Ampex controls ferrite 
to double head life 


After two and a half years of work 
with the material, Ampex Corp.., 
Redwood City, Calif, has devel- 
oped ferrite record and reproduce 
heads for instrumentation recorders 
that have a useful lifetime at least 
double that of present metal heads. 


Avner Levy, section manager of the 
Magnetic Head Design Engineering 
department, says: “Normal permal- 
loy heads are guaranteed for 1,000 
hours, but we are guaranteeing our 
new ferrite heads for 2,000 hours 
and we will prorate them up to 
4,000 hours.” 

Levy adds that existing ferrite 
heads are for recording only. “This 
is easier to make,” he says, “because 
the record head gap is only 250 mi- 
croinches; the problem is with the 
reproduce head—its gap is only 25 
win. and, until now, these couldn’t 
be made with a reasonable life ex- 
pectancy.” 

Avoiding gaps. The problem was 
in the basic ferrite material. To 
make an extremely small gap that 
will hold its width after thousands 
of hours, a very uniform and com- 
pact ferrite material is needed. Fer- 
rite, because it is a ceramic-like ma- 
terial, has better wearing properties 
than metal; but because it is made 
up of pressed powder, it is granular 
and contains voids. When the voids 
are adjacent to the head gap, they 
effectively increase the gap width, 
destroying the head’s properties. 

“We had to go back to basic 
R&D,” says Levy, “and develop a 
ferrite material that could be manu- 
factured with no voids.” Levy says 
the research was successful and the 
process has been turned over to pro- 


Contrast. Comparison at 500 X magnification of ferrite reproduce head gap (left) and Am- 
pex ceramic version. Ferrite shows erosion and raised spots where it's losing uniformity. 


In Answer To Your Gripes About 
Every Other Portable Recorder 


The no jazz CPR 4010. A 7 speed, 2” or 1” tape, 10/2” reel portable recorder/reproducer. 


Old Clichés Revisited 


What's so great about it? Mainly, it's the easiest machine around to use, maintain and service. (We know you've 
heard that before, but bear with us for a minute.) 


4 


Operation 


We've got a single knob for transport speed and electronics 
equalization. Automatic. Other transport functions are push- 
button controlled including our proprietary AUTOLOAD 
automatic, mistake proof tape loader that works precisely. 
Every time. All the electronics are in one housing. Even 
monitor meters, voice logger, 7 speed servo card, and all 

14 record and reproduce modules. It’s easy to add options 
because it’s pre-wired. All you do is plug in. 


Maintenance and Servicing 


Time for the annual P.M.? It’s no big deal. The back panel’s 
hinged. Just flip it down. All motors, power supplies, electronics, 
etcetera, are right there. (It even runs in this position.) Nothing 
special needed. How’s that for simplicity? 


Performance 


Briefly, from the top: 7 speed transport, 15/16 to 60 ips; 7 speed direct, all automatically switched, 300 kHz at 
60 ips; 7 speed FM record; 40/20 kHz, automatically switched. Any 2 
speeds of FM reproduce; low tape flutter and TBE; isolation from reel 
perturbation via dual capstans and tension sensors. Low mass, 
closed loop IRIG servo system. The same electronics design 

as our top-of-the-line VR-3700B. 


Bell & Howell & the CPR 4010 


Get all the specs. Just ask Bell & Howell, CEC/Instruments 
Division, 360 Sierra Madre Villa, Pasadena, California 91109. 


CEC/INSTRUMENTS Division 


(F Bette HOWELL ere tee 
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GOLD LINE 


SOLID STATE RELAYS 


e ZERO CROSSING 
TYPES FOR 
CONTAMINAT- 
ED, EXPLOSIVE 
OR CRITICAL 
APPLICATIONS 
-<ao see | 8 amp. standard 
| duty. 15 and 30 
amp. heavy duty 
| in single, two 
| and three pole. 
Miniature style 
—2, 3 and 4 
amp. 


} zero CROSSING 
} RELAY 


They keep your loads at full power 
without noise. Switching is smooth, 
waver-free, noise immune—even 
under extreme high inrush exposure. 
Other features include: Wide 
frequency range. Complete encap- 
sulation. All solid state construction. 
No moving parts for maintenance- 
free operation . . . and other advan- 
tages not found in other units. 


e PROPORTIONAL CONTROLLER 
RELAY TYPES ARE IDEAL FOR 
AC MOTOR CONTROL 


e VARIATIONS TO ORDER 


Write or phone for pricing 
and technical information. 


Jewell 


JEWELL ELECTRICAL INSTRUMENTS, INC. 
Grenier Field, Manchester, NH 03105 
Phone: (603) 669-6400 + Telex: 94-3435 
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duction. The first heads, reserved 
for the company’s FR-2000 instru- 
mentation recorder, are available in 
either half-inch, seven-track units, 
or one-inch, 14-track units. 

The complete head assemblies 
consist of two record and two repro- 
duce heads. The tracks are stag- 
gered, so that alternate heads are 
used for consecutive tracks. The 
seven-track assembly will be priced 
at about $6,400 and the 14-track 
unit $8,000. On the basis of 1,000 
hours of use, this puts the new fer- 
rite units at about 31% the cost of 
the metal ones. 

An added advantage of the new 
design is that both of the most pop- 
ular recording formats can be ac- 
complished with one head assem- 
bly; previously, one head was 
required for a 1.5-megahertz band- 
width with a signal-to-noise ratio of 
30 decibels, and another to record a 
signal with a 2-MHz bandwidth and 
a 22-dB signal-to-noise ratio. The 
single head for both formats will be 
valuable especially in telemetry 
when one piece of gear on the 
ground has to work with many dif- 
ferent pieces of equipment aloft. 

Up in the air. Also, Levy says, the 
new material is better for airborne 
applications than the metal heads. 
With metal, the temperature 
coefficient of expansion is 50 pin. 
per inch per degree centigrade; and 
with a head gap of only 25yin., “this 
meant that we had to go through 
much pain in order to hold the tem- 
perature steady.” But this is not the 
case with the ferrite heads. The ma- 
terial’s thermal coefficient of expan- 
sion is only 9uin. per inch per de- 
gree centigrade. 

Now that the process is defined 
and production has begun, other 
head configurations should be roll- 
ing out soon. 


Commercial electronics 


Portable terminal gets 
quick insurance answers 
The life-insurance salesman has a 


new on-the-spot electronics aid in 
his eternal quest for the under- 


insured prospect. Called the Key- 
pact, it’s a portable actuarial com- 
puter terminal developed by 
Computone Systems Inc. of Atlanta, 
Ga. 

An acoustically coupled terminal 
in an attache case, Keypact uses 
rows of thumbwheel switches made 
by AMP Inc. to program data that is 
then transmitted over a WATS line to 
Computone’s computer center. Nu- 
merous templates permit the 
switches to be used for different cal- 
culations and analyses: financial 
planning, premium calculations, 
proposal calculations, asset accumu- 
lation, out-of-pocket expenses, pen- 
sion planning—and even multiplica- 
tion, division, and compound 
interest. 

The agent uses the terminal in the 
prospect’s home, usually by having 
the prospect dial in data such as 
ages of family members, income, in- 
come required if the husband dies, 
etc. The agent then dials the toll- 
free number, places the telephone 
handset on the coupler, and pushes 
a transmit button. Within a second, 
the computer furnishes a synthe- 
sized female voice reply over a 
built-in loudspeaker. A typical re- 
sponse might be “$45,000 of insur- 
ance would be required to provide 
$500 per month until the youngest 
child is 21.” 

The unit costs $1,350, and com- 
puter time costs 60 cents a minute. 
The company also can supply 
records of transactions to agent and 
prospect. 

Timesaver. The practical justifica- 
tion of the terminal, of course, is 
that it shortens and even eliminates 
the lengthy calculations and re- 
search that an agent must go 
through as he determines how much 
insurance to recommend to the 
client—at which point the prospect 
often has second thoughts, espe- 
cially if the agent cannot complete 
the sale in one sitting. The computer 
also shortens calls, allowing the 
salesmen to make more visits per 
week. 

But R.A. Philibert of Computone 
says, “The most important benefit of 
this technique is the effect it has on 
the agent’s self-image. This positive 
self-image is reflected back to the 
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NowJAN high voltage 
power switching 
transistors... 


it’s a point worth repeating. 


And they're available from Unitrode — optimized for 
the best combination of switching speed, saturation 
voltage and second breakdown to help you design more 

efficient power switching circuits. The result is 
performance features like these .. . 


Series Ic Vce (sus) Voce (sat) E sB ton torr 
(max) (min) (max) (min) (max) (max) 


2N5664 5A to400V 1.0V@5A 1.25mj 0.25us 1.50us 


The 2N5660 — 2N5667 series is available in TO-5 
and TO-66 packages as JAN and JANTX power 
switching transistors to MIL-S-19500/454 and /455. 
Now that the best has been officially accepted, all that’s 
7 needed is your approval. For fast action, call Sales 
Engineering collect at (617) 926-0404, Unitrode Corporation, 
Dept.1 Y , 580 Pleasant Street, Watertown, Mass. 02172. 


(LH) 


au LN ITRODE 


—. 
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2N5660 2A to400V 0.8V@2A 1.00mj 0.25us 0.85yus 


ee) 


A TOTAL CAPABILITY 
FROM ADVANCED 
THYRISTOR TECHNOLOGY 


TRIAC’s 
& SCR’s 


FOR MOTOR HEATING 
COOLING AND LIGHTING 
CONTROLS AND 
SPECIAL APPLICATIONS 


ALL POPULAR PACKAGE 
CONFIGURATIONS WITH 
VOID-FREE 
GLASS-PASSIVATED CHIPS 


Included are electrically isolated 
6, 8, 10 & 15 Amp center-gate 
plastic (ISOTAB*) and 30 and 40 
Amp electrically isolated, center- 
gate press-fit TRIAC’s. All feature 
improved critical and commutating 
dv/dt ratings and di/dt capabili- 
ties with low switching losses. 

Hutson thyristors are available in 
a wide range of current and volt- 
age ratings from 3A and 4A 
sensitive-gate to 35 and 40 Amp 
standard gate devices; and from 
30V and 50V to 600V (Vorom). 


PATENTED 

DI-MESA* ie 
CONSTRUCTION |} 
This chip construc- ie | 
tion provides a dual } y ho 
mesa barrier to pre- =| \ | 
vent minute fractures, +, j 
caused by the dicing 

operation in glass- 
passivated chips, from 
spreading and caus- 

ing an eventual device a 
failure from repeated U 
operational cycling. 


% wy 


aoe es bred 


*T.M. HUTSON INDUSTRIES 


HUTSON INDUSTRIES 


2019 W. VALLEY VIEW LANE 
DALLAS, TEXAS 75234 (214) 241-3511 
TWX 910-860-5537 


Distributed by: 

BODELLE COMPANY, Chicago, Ill. 

312/468-1016 m@ NEWARK ELECTRONICS 

CORP., Inglewood, Cal. 213/678-0441 

THOR ELECTRONICS, Elizabeth, N.J. 

201/354-2420 

Canada: WEBER-SEMAD ELECTRONICS, Downsview, Ont. 


European Marketing Director: 
30 Rue Pierre Semart, Yerres, 91 France 
Tel: Paris 925-8258 * TELEX 21-311 
Distributed in Europe by: 
Switzerland: D. LEITGEB, Dubendorf 
Sweden: ELEKTROFLEX, Sundbyberg 
Spain: BELPORT, Madrid 

Holland: RODELCO, Den Haag 
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agent by the insurance-buying pub- 
lic in general and the individual 
prospect in particular. The com- 
puter terminal removes the agent 
from the ‘insurance salesman’ cate- 
gory with all its negative implica- 
tions (in the eyes of the public) and 
classifies him as a high-technology 
financial consultant with direct ac- 
cess to the power of the computer.” 
And to bring home even more 
forcefully the utility of this appli- 
cation of computer to life, one 
“high- technology financial consul- 
tant” says he has especially good re- 
sults with engineers and other com- 
puter-oriented professionals. 


Integrated electronics 


TI builds low-power 
beam-lead TTL array . 


In many areas where logic designers 
would like to take advantage of 
MOS/LSI’s low power requirements, 
they’re nevertheless forced to spec- 
ify bipolar arrays because of bipo- 
lar’s high reliability. Now, Texas In- 
struments is closing the gap by 
combining two technologies of 
proven reliability: low-power tran- 
sistor-transistor logic and beam 
leads. The result is a line of bipolar 
arrays in the 54L TTL family with 
low power needs. TI also will offer 
the chips separately, including some 
new Schottky diode-clamped low- 
power TTL. 

TI is first to offer low-power TTL 
beam-lead parts, though Motorola 
and Raytheon have beam-lead ver- 
sions of conventional TTL. Larry A. 
Gast of TI’s special circuits depart- 
ment says that the new arrays will 
be used mainly in high-reliability 
military airborne and space appli- 
cations such as the Grand Tour, 
communications and other satellites, 
missile guidance, and airborne com- 
puter and guidance systems. 

Circuits in the assemblies are 
beam-lead versions of off-the-shelf 
low-power ICs, plus the Schottky 
low-power versions, and a random 
logic chip that TI can customize. 

The random logic prediffused 
chips, of 50-gate complexity, con- 


tain standard components without 
interconnections, so that only one 
level of metal is required to com- 
plete them when the customer speci- 
fies the circuit. Speed-power prod- 
uct is a low 10 picojoules. 


as low-power Schottky 
TTL approaches the market 


Along with the new beam-lead parts 
and assemblies, Texas Instruments 
is preparing to introduce the first 
low-power Schottky TTL devices to 
hit the market. Schottky devices 
now being sold are high-speed and 
competitive with 2-to-3-nanosecond 
nonsaturated logic such as the 
Motorola 10,000 and Fairchild 9500 
series. But the Schottky diode- 
clamping technique is also suitable 
for low-power uses at slower speeds. 

Typical speed-power product for 
the new parts, the 54Ls is 20 pico- 
joules, compared to 30 pJ for con- 
ventional low-power TTL (54L), 60 
pJ for high-power Schottky TTL 
(54S). 


For the record 


Awards fly. North American Rock- 
well Corp. has awarded a second 
avionics subcontract for the B-1. It’s 
a $640,000 fixed-price job to Texas 
Instruments for terrain-following ra- 
dar. The first, a $4.1 million award 
to Radiation Inc., was for power- 
distribution control. 


EE for CBS Labs. Renville H. 
McMann Jr., 44, has become presi- 
dent of CBS Labs, Stamford, Conn. 
McMann, an EE, had been executive 
vice president. He succeeds Peter C. 
Goldmark, who resigned. 


Takeover. Japanese government ap- 
proval appears certain for transfer 
of Sony Corp’s. 50% interest in 
Texas Instruments Japan Ltd. to TI. 
The company would become a 
wholly owned subsidiary of TI. 


Second one. Intelsat 4, a 9,000-cir- 
cuit satellite, is expected to go into 
commercial operation over the At- 
lantic at the end of the month. 
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THE WORLD'S FIRST (5 
GIRL MINICOMPUTER. 


SUE. 


Here is SUE. The Systems User Engi- 
neered minicomputer. We have big plans for 
SUE. She's going to break the hearts of com- 
petitive minicomputer sales types. 

She's flexible, responsive, adaptable and 
nearly ageless. SUE: has micro-modularity. All 
modules...processor cards, memory cards, 
device controller cards, or whatever...simply 
attach to the Infibus of a 24-card frame. SUE can 
meet your systems needs exactly. You never pay 
for more than you want or have to take _ 
less than you need. If your sys- ‘™~ 


switch from core memory 


fue aS yy 
. , ar 
tem requirements change, so. @+ 4 ©. é a 
does SUE. For example,a 9°" a) Y-4 er 
a2 1¢ 


ae aos 


to semiconductor memory, or a mix of both, 
requires only a card change. Now that's flex- 
ibility. And responsiveness. 

Speed? SUE has a 5-megacycle band- 
width and inherent direct memory access with 
submicrosecond memories. 

The price is equally exciting. A complete 
4 K computer for only $4,295, dropping to less 
than $2,600 a unit for 100. That's neither the 

least nor most expensive version of SUE. 

For more information on SUE, 
ring us up or drop us a line. Call 
or write: (213) 722-6810...6201 
E. Randolph St., Los Angeles, 
California 90040 
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: Circle the appropriate reader service number for complete information on data conversion 
modules shown here. You’ll also receive the 1972 Product Guide. More information is also 
, available from your local Philbrick representative or Teledyne Philbrick, Allied Drive at 
, Route 128, Dedham, Mass. 02026. For toll-free data (800) 225-7883. In Mass.(617) 329-1600. 


-  Philbrick Data Converters. 
A bit ahead of the rest. 


The CIP/2200 is the newest, 
most powerful Cincinnati 
minicomputer to date. It is a 
microprogrammable general 
purpose minicomputer with 
an amazing list of new 
features. The CIP/2200 
performs decimal arithmetic 
just like the big computers for 
handling business data, while 
retaining all the benefits of 


this year, theres something 


a mini. In addition, the 
CIP/2200 exercises its new 
power with such features as 
RPG compiler, variable 
length operations, control 
stack facility for automatic 
state switching, bi-directional 
string moves, bit manipula- 
tion instructions, translation 
under mask and editing, plus 
a user instruction capability. 


All these advantages 

and many more are 
available right now from 
Cincinnati Milacron’s new, 
more powerful CIP /2200. 
Write or call (513) 494-5444, 


now, for complete details to: 


MINICOMPUTERS, 
Process Controls Division, 
Cincinnati Milacron 
Lebanon, Ohio 45036. 


really new in minicomputers 
” Cinciite Milacrons — 


CIP/2200- 


CIP/2200 is brand new. It 
performs functions that 
heretofore could be done 
only by larger computers. 
See copy above. 


minicomputers 


@¢ SINCINNAT 
_/\ MILACRON 


Machine Tools 
Process Controls 
Chemicals 
Plastics 


Plastics Processing Machinery 


Abrasives 


Circle 42 on reader service card 


me: i a I 


Stans sees Poland 
as new market 
for U.S. exports 


Justice Department 
wants computerized 
stock market net 


House censure 
could revive plan 
to reorganize FCC 


FAA picks six 
microwave landing 
‘system teams 
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Washinaton Newsletter 


January 3, 1972 


Poland and comparable Eastern bloc nations will probably develop more 
quickly as a market for U.S. electronics, although the Soviet Union 
represents a larger long-term trade potential, states Secretary of Com- 
merce Maurice Stans. The Stans estimate came in response to questions 
following his year-end mission to Russia and Poland for President Nixon. 

In view of Soviet inquiries to U.S. computer makers, the secretary’s 
observation that he did not encounter “any great interest” by Russia 
in U.S. processors surprised industry officials. But the Polish interest 
confirmed a view of the Electronic Industries Association, among others, 
which earlier had urged cultivating the East European market. 


A national computerized stock information network, linking the major 
and regional exchanges and the third market makers or brokers who 
deal amongst each other, is being proposed by the Justice Department 
to the Securities and Exchange Commission. The Department’s antitrust 
division views the present system of exchanges and floor traders as 
anti-competitive, and wants a system whereby any broker could find 
the best market for his stocks anywhere in the country at any given time. 
Although the department believes the problem is only a regulatory 
one and is formulating no specific proposals, its ideas include replacing 
the exchange floors with computers, or keeping the floors but connecting 
them with other markets. 


Watch for a renewed move by the White House in 1972 to reorganize 
the Federal Communications Commission if Congress should wax critical 
of the FCC for its decision to drop its investigation of AT&T (see p. 44). 
A White House trial balloon last year, suggesting that the FCC could 
perform more efficiently under a single strong leader, was quickly with- 
drawn when it was criticized as a device to destroy the commission’s 
independence. The proposal, critics noted, would have placed total con- 
trol in the hands of the President and his successors, doing away with 
the seven commissioners and, their staggered terms of office. A leading 
opponent of the plan is Dean Burch, FCC chairman and Nixon appointee, 
while support for the proposition stems largely from the White House 
Office of Telecommunications Policy, headed by Clay T. Whitehead. 


Two doppler scan approaches, by Hazeltine Corp. with Marconi of 
Canada and by ITT Gilfillan with Honeywell, are among six industry 
team proposals that the Federal Aviation Administration has selected for 
the $3 million concept definition phase of the microwave instrument 
landing system. The other four proposals, which used the older, scanning 
beam approach, came from AIL division of Cutler Hammer Inc., with 
Collins Radio; Texas Instruments with Thomson-CSF; Raytheon with 
Sperry Phoenix; and Bendix with Bell Aerospace. 

Following contract negotiations now going on, awards are expected 
to be announced later this month [Electronics, Nov. 22, 1971, p. 46]. 
Up to four teams may be chosen at the end of 1972 for the second 
feasibility definition phase. The five-year, $50 million commercial devel- 
opment program leads to a large FAA buy in the late 1970s and 1980s. 
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Despite ‘copout’ 
FCC presses Bell on 
interconnection... 


...aS equipment 
makers protest bias 
by Bell System 


Washington Commentary 


It is difficult to imagine that the United States Government lacks 
sufficient resources to investigate the utilities it must regulate. But that 
is what the Federal Communications Commission conceded just before 
Christmas, when it voted four-to-two to drop its examination of Ameri- 
can Telephone & Telegraph Co., the world’s largest corporation. In 
brief, the FCC conceded that its 165-man Common Carrier Bureau with 
its $3 million budget, simply couldn’t cope with the job of regulating 
AT&T, along with its other responsibilities for monitoring a $70 billion 
industry embracing other telephone and telegraph companies, interna- 
tional communications, and satellites. 

Bernard Strassburg, chief of the Common Carrier Bureau, which 
instigated the investigation, called the vote “a rather singular type of 
action.” The FCC’s most outspoken commissioner, Nicholas Johnson, 
dissented more vigorously, charging that the action “bordered on the 
irresponsible.” And Congress is likely to have more to say on the subject 
after it reconvenes on January 17th. 


But the redoubtable Strassburg says the vote “doesn’t mean we're 
copping out on regulation” altogether, and indeed, he is pursuing a 
running war with AT&T on the attachment of “foreign” equipment— 
equipment not made by Bell—to the telephone network. Though that 
issue was supposedly resolved in 1968, with the FCC landmark “Carter- 
fone” decision, communications equipment makers are still not happy. 
And Strassburg continues to press their case. 

The complaint by equipment makers is detailed by Strassburg to AT&T 
in a private letter that was submerged by the larger controversy. 
Interconnection of non-Bell equipment—even though it meets Bell speci- 
fications—still is refused or produces discontinuance of service, or, says 
Strassburg, AT&T imposes additional charges for protective “network 
control signalling units” for equipment bought by customers from inde- 
pendent manufacturers. At the same time, Bell customers who buy the 
same equipment from the telephone company pay no extra charges. 
Specifically, he cites examples of independent handsets for automatic 
dialing, such as “Magicall” and “Code-A-Phone.” AT&T’s action, he con- 
cludes, puts such independents at a competitive disadvantage. 


What the FCC wants AT&T to do is to stop any discrimination against 
customers who buy terminals from independents, stop requiring separate 
network control units “over and above those already incorporated into 
devices” designed to meet Bell specifications, stop charging for them, and, 
further, make its specifications for network protection equipment avail- 
able to anyone that wants them, including independent equipment 
makers. 

But what intrigues manufacturing members of the Electronic Indus- 
tries Association is that Strassburg’s letter gives them the opening they 
have long sought. Though the letter talks of “Magicall” and “Code-A- 
Phone” as “examples” of brand-name terminals, EIA vice president of 
communications and industrial electronics, John Sodolski, believes the 
document has broader implications for modems of just about any type 
that can be safely used on the switched telephone net. And, he says, the 
association is going to explore the possibility of extending the Common 
Carrier Bureau’s position to cover the whole spectrum of terminals. Should 
that effort prove successful, then the much-discussed “communications 
revolution,” which would expand the equipment market, will be one 
step closer to realization. —Ray Connolly 


— 
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Make the simple move 


to less assembly time. 


Do it the easy way with Amphenol’s 17 Series minia- 
ture rear-release connectors. 

A gentle push from the back of the connector and 
the contact snaps securely in place. No tools or 
broken fingernails, just easy fingertip assembly. 
And to remove the contact for fast field servicing, 
insert a simple plastic tool in the back of the con- 
nector and out pops the contact. 

You can have a choice of screw-machine con- 
tacts in bulk packaging, or stamped and formed 
contacts on a Carrier strip. Semi-automatic crimp- 
ing or hand tools available for either type of contact. 


The Min-Rac® 17 Series connectors are available 
in 9, 15, 25, 37, and 50 contact configurations. All 
meet EIA Standard RS-232C for data communica- 
tions input-output connectors. And all are inter- 
mountable and intermateable with other Min-Rac 
17 Series connectors as well as competitive ‘‘D” 
type connectors. 

Find out how simple it really is. Just write Dick 
Colt asking for the whole story on our Min-Rac 17 
Series rear-release connectors. Amphenol Indus- 
trial Division, Bunker Ramo Corporation, 1830 South 
54th Avenue, Chicago, Illinois 60650. 


Lea JAMIPHENOL 
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Your new rubber 
design assistant 


recommended applications. It 
even contains a quick-reference 
chart that shows at a glance the 
physical properties and perform- 
ance characteristics of each elas- 
’ tomer. This brochure also depicts the 
laboratory and production capabilities of 
Stalwart’s 3 modern plants. If you’re involved 
in designing, specifying or purchasing custom 
rubber parts, we’ll be happy to send you a per- 
sonal copy of ‘‘Stalwart Rubber Technology.” 


We make custom rubber parts 
in just about every type and as 
dimension—except 38-24-34. “ 
To help you evaluate and specify , 
the rubber compound best suited 
to your requirements, we are 
offering this new 16-page 
brochure, “Stalwart Rubber 
Technology.” It contains a 
technical synopsis of each of the 14 basic 
elastomers, their advantages, disadvantages, 


Send for it. not for her 
OR 


Subsidiary of 


BLaSIUS 


INDUSTRIES, INC 


Stalwart Rubber Company 160 Northfield Road, Bedford, Ohio 44146 


Dependable deliveries of quality rubber parts from 3 modern plants. 


ine) 
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9500 Easy ECL Family offers 
designers lower power, higher 
speed, lower cost systems. 


The addition of 4 new MSI circuits — 
along with 8 new SSI devices — gives our 
temperature compensated ECL family 
the breadth, depth, variety and flexibility 
that makes designing with ECL/MSI 
functions easy as using TTL/MSI. 


Since MSI is even more significant in 
ECL systems design than in TTL, our 
Easy ECL 9500 series is essentially an 
MSI family. That’s why we now offer 
7 key MSI functions — 22 circuits in 
all. Why all 9500 Series devices 

are fully temperature compensated for 
adequate noise immunity to allow 
problem-free SSI-to-MSI interfacing. 
Why MSI design in ECL systems is 
practical for the first time. 


ECL/MSI ASSURES LOWEST SYSTEM POWER DISSIPATION 


Comparison of unloaded and system power dissipation per gate of 9500 Easy ECL functions. With 
an MSI function, the termination power is amortized over many gates thereby assuring lowest sys- 


tem power dissipation. 


Gates/ 
Function* Power Dissipation (mW/Gate) 


Device Description 

SSI— Gates 

9502 General Purpose Dual OR-NOR 

95H02 High Speed Dual OR-NOR 

95L22 Low Power, High Speed Dual OR-NOR 
9503 General Purpose Triple OR-NOR 
95H03 High Speed Triple OR-NOR 

95L23 Low Power, High Speed Triple OR-NOR 
9582 Triple Line Receiver/Amplifier 

9504 General Purpose Quad NOR 

95H04 High Speed Quad NOR 

95L24 Low Power, High Speed Quad NOR 
9505 Four Wide OR-AND 

9507 Quad AND-NAND 

9595 Dual ECL-TTL Converter 


SSI — Flip-Flops 


95H29 = 250MHz J-K 

9528 Dual 160MHz D-Type 

MSI Elements 

95388 1-of-8 Decoder 

9581 8-Input Multiplexer 

9578 Quad EX-OR/Comparator 
9579 Quad 2-Input Multiplexer - 
9534 Quad Latch 

95H84 High Speed Adder/Subtractor 
95H90 250MHz VHF Prescaler 
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“Number of on-chip ECL Gates not discrete TTL equivalents. 
MEM Typical Device Dissipation ™% Additional Dissipation in system due to termination scheme. 


MSI + SSI = EASIEST ECL. 

Key to easiest ECL design is the lower 
power dissipation afforded by maximum 
use of MSI functions — with ancillary 
SSI low power gates and flip-flops. That 
way you get the speed and performance 
of ECL with economic and reliability 
advantages of MSI design. You get the 
most favorable speed/power trade-offs. 


For example, basic ECL/SSI gates are 
approximately two times faster than 
TTL; but with the design advantages of 
ECL, the MSI functions are four to eight 
times faster at similar power dissipation. 


NOW NEW IN EASY ECL. 

Four new MSI Circuits: 

95H84 adder-subtracter with full on-chip 
carry lookahead that permits addition or 
subtraction of two 64-bit words in 22nS. 
Fastest adder function on smallest board 
area available. 

9534 quad latch with gated input and 
output enable features. Buffering of 
outputs insures glitch-free operation 
with approximately 4nS delay. 
Applications: register, ALU, parallel- 
serial conversion. 


9578 quad exclusive-OR function also 
for use as 4-bit comparator or dual 
differential line driver. 3nS delay. 

9579 quad 2-input multiplexer with 
2.6nS delay. Common select line reduces 
external wiring for variety of function- 
generation and multiplexing 
applications. 


Low-Power SSI 

New 95122, 23, 24 low-power gates are 
pin-identical with standard and high- 
speed gates. 20mW power dissipation 
(20% lower than any other available 
ECL gates), and 2nS propagation delay 
at no price premium. 60K ohm on-chip 
pulldown resistors. 

For use in an area of high-power density 
(e.g., memory arrays), and as receiving 
element at end of long data bus lines. 
High-Speed SSI 

Three new high-speed gates and a new 
high-speed flip-flop : 

95H02, 03, 04 gates, pin-identical with 
standard and low-power gates. 1.6nS 
delays at similar power as standards. 
For clock-driving with flip-flops, 
registers, large synchronous arrays, 
where maximum speed required. Also as 
high-speed logic function where multiple 
gate decisions must be made within 
short clock period (e.g., loading a 
universal shift register within a narrow 
clock pulse). 

95H29 J-K flip-flop with 250 MHz toggle 
frequency features non-ones catching 
master-slave circuit with multiple gating 
on inputs. For high-speed counting, 
register, data storage. 


Low-Cost Standard SSI 

9507 quad and 2-input AND, 8-input 
NAND gate. Eliminates a number of 
external connections in computing and 
general logic applications. 2.3nS delays 
without deterioration in rise-and-fall 
performance under heavy loading 
conditions. 


AVAILABLE NOW 


‘All 12 new members (and their 10 older 


relatives, of course) of our Easy ECL 
family are now available in production 
quantities from your friendly Fairchild 
distributor. Additional sources: 

N. V. Philips/Amperex and Raytheon. 
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FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera and Instrument Corporation, Mountain View, California 94040. (415) 962-5011, TWX: 910-379-6435 


The 4th National Conference on Electronics 
in Medicine provides a major forum for the inter- 
change of ideas and information between the men 
who make and the men who use electronic equip- 
ment for one overriding purpose—the betterment 
of worldwide health care. 


Sponsored by McGraw-Hill’s Medical World 
News, the focus of this year’s conference will be 
on what is available and practical in the diagnostic, 
therapeutic and monitoring phases of medicine. 


Neither physician nor engineer can afford to 
miss this 3-day dialogue. Both electronics and 
medicine are two of the fastest changing and 
growing professions in the world—and today’s 
physician, nurse and hospital administrator must 
have every available input. 


And engineers and manufacturers need the 
information exchange that comes from these inval- 
uable conferences in order to develop the kind of 
sophisticated equipment necessary for modern 
health care. Only through knowledge of the medi- 
cal profession’s needs can industry develop and 
produce that equipment. 


Speakers and panel members will include Howard Rusk, M.D., 
Director NYU Rehabilitation Center; Tom Bird, Manager, Monitoring 
Systems, General Electric; William Kerr, Director Medical Division, 
IBM; Merlin K. DuVal, M.D., Assistant Secretary for Health and 
Scientific Affairs; Dwight E. Harken, M.D., Clinical Professor of 
Surgery, Emeritus, Harvard Medical School; J. Willis Hurst, M.D., 
Professor and Chairman, Dept. of Medicine, Emory University 
School of Medicine, President American Heart Association; Thelma 
Schorr, R.N., Editor, American Journal of Nursing. 


Date: March 27, 28, 29, 1972 
Place: Chicago, Drake Hotel 


Take advantage of the pre-registration price of $165 (regis- 
tration at Conference—$200) by filling out the coupon and mailing 
today. The Drake Hotel has a number of rooms reserved—please 
make your room reservation directly with the Drake, and indicate 
that you will be attending the Conference. 
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where 
medicine and 
electronics 
come together 


Conference Highlights 
e Applications of instrument and computer 
technology 


e Hardware obsolescence and problems of repair, 
maintenance and cost 


¢ Continuing government role in developing 
device legislation 


e The trend toward minicomputers 

e Emergency care: growing role for electronics 
e Applications of space technology to medicine 

e Multiphasic screening—demonstration session 


¢ New Problems in Liability and Malpractice—what 
does the increased use of electronics portend? 


e Man and machine—is dehumanization a problem? 

e Problem-oriented Medical Record—getting ready 
for the computer 

e Meet-the-experts (evening session) 


Medical World News, 299 Park Avenue, New York, N.Y. 10017 

Yes, | would like to be pre-registered at the 4th National Conference on 
Electronics in Medicine at the special advance rate of $165. Please make 
checks payable to Donald Rubin, Conference Chairman 


Check enclosed 


[] Please bill me 


Name 


Company (Hospital) 


Address 


City 
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AISiMlag components For HYBRIDS 


N SUBSTRATES 

> Many advanced ceramic substrate mate- 
rials for thick film, thin film and micro- 

he wave applications are available to suit 
your exacting requirements. Many sizes 

* are stocked for immediate delivery. 


Custom prototypes can be quickly 
manufactured. High volume production 
fulfills your needs. New Bulletin 712 


, on request or phone 803/682-3215. 
Circle 150 on reader service card 
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v BERYLLIA 

SUBSTRATES 

. 
Heat dissipation your major problem? 

’ Investigate beryllia substrates. We are 
in volume production on BeO substrates 

° and heat sinks and can meet “fast 


turn-around” requirements. Stock items 
for immediate shipment let you make 
? quick and economical tests. 

Phone 615/265-3411. 
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SNAP-STRATES 


Originated by American Lava, these 
monolithic parts can be snapped into 
individual substrates after circuit work 
is completed. Tooled Snap-Strates per- 
mit odd shapes, holes, slots, etc. Laser 
Snap-Strates permit very small or 
thin parts of great accuracy. 


Phone 803/682-3215. 
Circle 151 onreader service card 


CAPACITOR 
CHIPS 


Single or multilayer, custom made or 
stock. Diced chips from 1 pf to .05 
mfd. Sizes .020” square and up. Multi- 
Cap® capacitors in all EIA preferred 
sizes, .080” x .050” and up. Available 
in TC compositions from P120 to N5600 
and in all high dielectric constant mate- 
rials. Bulletins 689 and 694 on request. 
Phone 803/682-3215. 
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Circle 


CUSTOM 
METALLIZING 


Tailored for maximum bond strength 
on wide choice of our own ceramic 
compositions including Black Alumina, 
White Alumina and Beryllia. All pop- 
ular metallizations are offered applied 
by both precision generation and photo- 


etching. Phone 615/265-3411. 
Circle 152 on reader service card 


APPROX. ACTUAL SIZE 


MULTILAYER 
COMPOSITE SUBSTRATES 


Monolithic multilayered structures with 
buried conductors permit a customized 
top layer for complex, custom designed, 
high reliability thick or thin film cir- 
cuits. The conductive patterns are sep- 
arated and insulated by planes of high 
alumina ceramic . . . NO glass. Also 
used for high quality hybrid packages 
and bases for complex Multi-Chip cir- 
cuits. Phone 615/265-3411. 
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70th 
YEAR 


OF 
CERAMIC 
LEADERSHIP 


MOD POT versatility is unmatched. 
Hundreds of standard modules 


give you millions of options. 


MOD POT is the most versatile %” 
square potentiometer available 
today. A whole family of cermet or 
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modules, switch options and vernier 
drives with single or concentric 
shafts. These pre-engineered, pre- 
tested modules form single, dual, 
triple or quadruple section controls. 
Millions of possible combinations 
to solve your unique control prob- 
lems. Cermet elements are rated at 
2 watts (70°C) with resistances from 
100 ohms to 5 megs. Composition 
elements rated at 1 watt (70°C) with 
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The outlook 


CL] After floundering for two years in the doldrums of 
economic uncertainty, the electronics industries are set- 
ting a firm, new course in anticipation of a vigorous 
breeze of growth in 1972. 

By all accounts, 1971 was a rotten year, one in which 
most major electronics market segments declined or 
stayed flat. With reductions in Federal spending, be- 
lated action by the Nixon Administration in fighting in- 
flation and recession, and the uncertain late-year effects 
of Phase 2, 1971 closed out at about $23.42 billion, be- 
low the 1970 level of $23.6 billion. 

But with rather more decisive action from the Admin- 
istration and the Congress, 1972 looks like a happier 
year. Federal spending for electronics is slated to be up 
almost to the 1970 level. Stimulated by the new 7% tax 
credit for capital investment, computer industry ship- 
ments are expected to increase markedly—by as much 
as 22% in value, according to Electronics’ survey. 

Partly as a result of the healthier computer picture 
and the push from data communications, semicon- 
ductor dollar sales are expected to rack up an 8% or bet- 
ter growth, a sharp reversal of the downtrend that has 
gripped semiconductor houses since the end of 1969. 
Consumer products, the one happy surprise on 1971, 
should continue to register gains in 1972. With the de- 
valuation of the dollar, U.S. electronics firms will find it 
easier to compete with the Japanese in the U.S. 

All in all, total industry sales in 1972 are headed for 
an upswing of 9.5%—to $25.6 billion. Thus, after a pain- 
ful two years, electronics is moving again. 


[] The larger mainframes had a tough time of it last 
year, but the little guys—the indefatigible mini- 
computers—continued their readily predictable sales 
zoom. Fortunately, things look better all around in the 
year ahead, as the economy finally loosens up after two 
tight years. 

And things also are changing radically. As Robert T. 
Bond, planning manager of Hewlett-Packard’s Data 
Products group, Cupertino, Calif., puts it: “The year 
1971 marked the end of the computer mystique.” EDP 
customers have become more knowledgeable and, un- 
der the pressures of the recession, they have increas- 
ingly been putting that knowledge to use. They mix 
equipment from several different suppliers, to suit their 
needs and their budget as they—not some outside firm— 
see fit, and minicomputer users, especially, tend more 
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and more to engineer whole minicomputer-based sys- 
tems themselves. 

According to Electronics’ market survey, the value of 
delivered, computer hardware,’ including ‘peripherals, 
should expand by about 20% during 1972, up from an 
estimated $6 billion in the past year. Way above the 
overall average, at an estimated 30% growth rate, will 
be the minicomputers. And peripheral equipment, in- 
cluding tape, disk, semiconductor and core memories, 
printers, and cathode ray tube terminals, will increase 
by approximately 23%. 

Other views of the industry’s growth run a wide 
gamut. At the low end of the scale, James A. Stone of 
the market research firm of Quantum Sciences Inc., 
New York, predicts that gross sales will be up only 
“somewhat” in 1972. But the net, because of the volume 
of computer trade-ins, will be almost flat. 

A more sanguine note is struck by International Data 
Corp., Newtonville, Mass., a market research and con- 
sulting firm for the computer industry. It believes do- 
mestic shipments of all kinds of computers and periph- 
eral equipment reached about $4.4 billion in 1971, up 


3% over 1970, but for 1972 expects a 22% gain to about 
$5.25 billion, bringing the industry back above the $4.9 
billion level set in 1969. 

But most enthusiastic of all is Frederick G. With- 
ington, a senior staff member at Arthur D. Little Inc., a 
Cambridge, Mass., consulting firm. He predicts gross 
sales, in terms of delivered hardware, will hit up around 
the $7 billion mark. This is a high figure, he admits, but 
it will be caused by a tremendous surge in deliveries of 
replacement machines to users who had held off buying 
for the last two years. The postponement was caused by 
the business recession and by the wait to see what the 
new generation of computers—like IBM’s 370, and Hon- 
eywell Information System’s H-6000—would be like. 

So the often predicted recovery may at last be here 
for the computer industry, and it will be welcomed by 
all segments—though not all fared equally badly. 

A spokesman at Digital Equipment Corp., Maynard, 
Mass., concurs with this analysis, adding: “Of course, 
we're not seeing the 20% and 30% growths, and we 
won’t anymore except in selected markets. For example, 
there could be as much as 40% to 60% growth in com- 
munications-related fields—communications front ends, 
remote terminals, key-to-tape gear, message switching 
devices, and message concentrators. This growth should 
begin to appear in 1972.” DEC pegs the growth rate of 
the industry as a whole at about 12% to 15%. 

Better times are also forecast by Allan L. Rudell, vice 
president of Honeywell Information Systems, Waltham, 
Mass. “Anybody who thinks the market for computers 
has saturated isn’t thinking,” he says, obviously pleased 
with the success of the Honeywell/General Electric 
computer merger. 

HIS is going to aim especially at markets like manu- 
facturing data processing, banking, health and general 
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The 1972 business outlook 


Whether or not Phase 2 puts a lid on inflation, the econ- 
omy is certain to do a lot better in 1972 than it did in 
1971. After three years of very poor growth—the average 
rate of increase for 1969 through 1971 was only 1.5% 
per year—the economy will rebound in 1972. 

We now look for a Gross National Product of $1,145 
billion, up about $93 billion or 8.8% over 1971. Real eco- 
nomic growth, excluding price inflation, will come to 
5.4%. Prices, on the average, will advance about 3.3%. 
Industrial output— manufacturing, mining, and utilities— 
will rise faster than real GNP. Still, the real growth forecast 
for 1972 is not enough to bring the unemployment rate 
down below the 5% level by the end of the year. 

Despite the lowered confidence, consumers are buying 
more, and they will be able to expand expenditures even 
more in the year ahead. Spending for goods and services 
is expected to go up 9%; for durables, 12% 

Consumers will have more income after taxes during 
1972 than in 1971—higher wages, plus lower taxes, plus 
higher employment, guarantee this. Also, the 5.5% wage 
increase guideline set by the Pay Board will turn out to be 
a floor rather than a ceiling on wage gains, and Congress 
has cut personal income taxes by raising the exemption 
and the standard deduction. With unemployment dipping 
somewhat and the labor force expanding, there will be at 
least a million more jobs in 1972 than in 1971. 

Business capital expenditures will rise about 8.5% in 
1972, the first real increase in two years. Industry's ef- 


insurance companies, hospital systems, warehousing, 
and inventory control and distribution. And like the 
man from DEC, Rudell cites communications appli- 
cations as being particularly important next year, “espe- 
cially for our small H-16 mainframes.” 

On-line, real-time systems aimed at specific appli- 
cations are expected by many to grow better than sys- 
tems designed for the general-purpose data-processing 
market. In part, this is due to the overselling of account- 
ing and batch-processing systems in the late sixties. 
And, says Melvin L. Couchman, director of marketing 
at Systems Engineering Laboratories, Ft. Lauderdale, 
Fla., “many of the scientific, on-line users are new cus- 
tomers, rather than the replacement customers making 
up the bulk of the general-purpose EDP market.” 

The year ahead may also find some important tech- 
nological innovations strengthening their hold on the 
market. Semiconductor memories, for example, will be- 
come a more important factor in mainframe memory 
design, as several new computers with the new systems 
go into production. Another trend will see the increas- 
ing application of local processing capability—as in 
minicomputer-based or smart-terminal-based order en- 
try systems, for example—at the expense of large-scale 
mainframe capacity. 

Most important of all, the user community’s sutioek 
has been altered sharply and perhaps permanently. 
First, two years of recession and tight budgets have 
forced managements to examine with extreme care the 
cost-effectiveness of their computer installations. 

Second, as would be expected, the passage of time 
has raised the computer-using community to its 
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forts to overcome its key problems—rising labor costs 
and worldwide competition—are increasing as investment 
in automated machinery rises rapidly. A quickening of in- 
vestment in air and water pollution control is also provid- 
ing a spur to investment in new and improved facilities, as 
are liberalized depreciation and the restoration of the 7% 
investment tax credit. 

A 74.5% operating rate for industry provides little rea- 
son for corporate managers to expand their capacity, 
even with the improved investment incentives. However, 
with a sustained rise in industrial output in 1972, the op- 
erating rate should reach an 80% mark by the summer. 
Then there will be a spurt in new orders and contracts for 
capital goods and construction. 

Investment in inventories will also accelerate in the 
year ahead. If business starts to pick up at the beginning 
of 1972, as expected, then industry will have to replenish 
its stocks to keep pace with rising production schedules. 

In 1972, our balance of international trade will show a 
modest turnaround, after 1971 saw the first surplus of im- 
ports over exports. The devaluation of the dollar, the re- 
valuation of other foreign currencies, and the cutting off 
of the dollar from gold is providing some short-term ben- 
efits to our export business by making U.S.-made prod- 
ucts slightly more competitive in world markets and, at 
the same time, making foreign-imade products slightly 
less competitive here. 

—Douglas Greenwald, Chief Economist, McGraw-Hill 


shrewdest and most mature level ever. And the result, 
readily obvious only during 1971, is that the world out- 
side of 1BM no longer holds for data processing man- 
agers the unimaginable terrors it once did. “A few years 
ago, no user would gamble on a mixed system with split 
responsibility among manufacturers,” says Curtis W. 
Fritze, vice president of corporate planning, Control 
Data Corp., Minneapolis. “But this has now become an 
acceptable way of doing business.” 

Many industry analysts also feel the present period of 
replacement brought on by a new “generation” of com- 
puters may be the last. The situation at IBM, the indus- 
try’s giant, is unlike any it has experienced in recent 
years: its rate of growth has slowed, instead of continu- 
ing to increase. True, this could be ascribed to the reces- 
sion, but customers do not seem to be jumping for the 
IBM 370 generation as they did for the 360. “The binge 
is over,” says SEL’s Couchman, referring to the late six- 
ties when “everything got computerized.” 

And computer empires set up at separate divisions of 
large companies began to be broken up during the last 
two years as very top management carefully scrutinized 
each computer purchase and all computer applications. 

North American Rockwell, for example, is reported 
to be consolidating most of the computer requirements 
for its various divisions at a single processing center. 
The result: $50 million worth of leased machines may 
be cut to one quarter that total. 

“The user isn’t jumping to a classier computer as he 
has in the past,” says Melvin M. Posin, assistant general 
manager, marketing, at Lockheed Electronics Corp.’s 
Data Products division, Los Angeles. “Now he asks the 
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question, ‘What kind of investment must I make in the 
old system to update it?” The answer may dictate not a 
switch from a 360/50 to a 370/155 but the addition of a 
new disk drive and one or two tape stations, he con- 
cludes. 

For IBM, another problem is that the throughput of 
the new series 370 machines is so great that one can do 
the job of two or three or more of the older machines 
they replace. The result is that IBM has been taking a 
pasting on returns of machines from new 370 customers. 

The computer industry probably has also not felt the 
final effects of the demise last September of RCA’s com- 
puter operation, coming a year after GE also went out of 
the same business. There was of course the problem of 
credibility faced by the smaller computer firms as cus- 


tomers asked themselves: “If RCA went out of the busi- 
ness, whom can I trust to stay in but IBM?” 

But as the large, “old-line” computer houses ponder 
their moves, the minicomputer makers prepare for an- 
other boom year. The market continues its remarkable 
growth—up to $280 million worldwide last year, accord- 
ing to an estimate by market planners at Digital Equip- 
ment Corp., Maynard, Mass. And the forecast made a 
year ago still holds that worldwide sales will zoom to the 
billion dollar mark by 1975. 

The most unprecedented cause of this growth was 
that the number of knowledgeable end-user customers— 
those willing to handle a computer project themselves 
instead of calling on an outside systems house—has 
been rising steadily. Data General Corp., Southboro, 
Mass., for one, is paying close attention to the “smart 
customer—the one who knows what he needs and buys 
it,” says Allen Z. Kluchman, director of marketing. 
“He'll buy one minicomputer, try it out, and then come 
back for 24 more.” 

The end user’s increasing ability to engineer mini- 


computer systems himself is fortunate for his suppliers. 
It expanded the market—and into a high-profit area—at 
the same time as the economy tightened and original 
equipment sales declined and became more competi- 
tive. During 1971, in fact, the OEM market “had fallen 
apart,” states one OEM supplier, Lawrence Goshorn, 
president of General Automation Inc., Anaheim, Calif. 
Even stiffer competition was expected once Texas In- 
struments introduced its $2,650 machine last year. 

As for competing against its OEMs, the minicomputer 
makers show little concern. “We'll no doubt lose some 
sales to our own OEMS, but we'll be supplying the main- 
frame in either case” is a typical comment. 

As the demand for the small machines is met, two 
large submarkets will come to the fore, points out a 


spokesman at DEC. The largest—with as much as 80% of 
sales—will be for functional systems. These include 
items like communications, disk storage, time sharing, 
and industrial data-collection applications. The other 
submarket will be for more task-oriented or discrete 
and user systems. These include things like automatic 
typesetting and other semi-turnkey operations. “There’s 
going to be heavy short-term growth in both of these 
markets,” DEC says. “And if it doesn’t appear en masse 
in 1972, we'll at least see the start of its growth.” 

The greatest interest in functional systems is being 
shown by the larger companies, according to DEC, espe- 
cially in industrial and commercial areas, from large 
laboratories, and from large educational institutions. 

And the result of both of these tendencies will be 
more sales of remote batch and processing terminals, 
small disk operating systems, and preprocessors, as well 
as boosts for small and medium-sized computers. 

On the peripheral side of the business, remote termi- 
nals are expected to do particularly well by companies 
like Mohawk Data Sciences, Herkimer, N.Y., and Sand- 
ers Associates, Nashua, N.H. 

“This year should see the beginning of an explosion 
in the intelligent terminal market,” says Mohawk presi- 
dent, Richard P. Rifenburgh. “Starting last year with 
batch terminals like our 2400 or IBM’s 2780, the cus- 
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tomer now is requesting the intelligence to do local pro- 
cessing.” 

Thomas Colligan, director of Sanders’ Data Systems 
division, even sees terminals with some intelligence 
handling jobs where there was no computer before; he 
hopes for growth at about 30% to 45% each year. 

As for computer memories, 1971 was a tough year for 
ferrite core houses, and the pressure will continue this 
year. “Semiconductor memories are coming on strong, 
and there’s been a lot of price deterioration,” says 
Thomas P. Nau Jr., manager of market research and 
planning, Ferroxcube Corp., Saugerties, N.Y. Two 
weeks after Nau said this, Ferroxcube announced, in 
late November, that it was out of the mainframe 
memory business and concentrating on core memory 
add-ons to the end user, since these offer them a higher 
profit margin than the OEM. Nau sees this market rang- 
ing between 3,000 and 5,000 units in 1972. 

Plated-wire memories seem to be all but dead for the 
commercial computer market, except for those that 
Univac uses. However, in the military-aerospace and in- 
dustrial-control fields, plated wire is doing well, thanks 
to its nonvolatility. 

Bruce Kaufman, president of Memory Systems Inc., 
Hawthorne, Calif., a plated-wire memory manufacturer, 
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expects $3 million to $4 million in plated-wire sales to 
the industrial market. And, he adds, this could reach 
over $10 million in 1972. He estimates plated-wire sales 
for military-aerospace applications will hit $10 million 
in 1971 and double to $20 million in 1972, pointing to 
the recent award of a very large contract to Honeywell 
for plated-wire memories for the Viking Project. 

So far, semiconductor memories’ greatest success has 
been in relatively small-word-size units in terminals, 
and as buffers and scratchpads in computers. Only three 


computer makers have semiconductor mainframe 
memories: IBM and Data General (bipolar), and Four- 
Phase Systems Inc. (metal oxide semiconductor). 

On the other hand, William R. Arnold, president of 
Semiconductor Electronics Memories Inc., Phoenix, 
thinks the semiconductor systems can be produced in 
high enough volume to compete with cores as add-on 
and replacement memories. 

Fairchild Camera & Instrument Corp., Syosset, N.Y., 
agreeing with Arnold, is testing the end-user market by 
signing up Wayne State University, Detroit, Mich., for a 
2-million-byte bipolar add-on memory for its IBM Sys- 
tem 360 model 67. The Fairchild memory, which will 
replace the core memory supplied by IBM, is basically 
identical to the one it developed for the Illiac 4. 

Among computer makers, opinion continues to be di- 
vided about the efficiency of semiconductor designs. 
“MOS memories are still too expensive,” says Emmons J. 
Miles, vice president for engineering at minicomputer 
maker Computer Automation Inc., Newport Beach, 
Calif. However, the company is taking the plunge this 
year—and with a fast MOS system. Interdata Inc.’s new 
model 80 machine, to be shipped in the second quarter, 
will have an MOS main memory expandable up to 
64,000 bytes. “It is the fastest memory we could get hold 
of,” declares Richard Genke, director of engineering at 
the Oceanport, N.J., firm. 

Overall, C. Lester Hogan, Fairchild Camera & Instru- 
ment president, predicts: “The mainframe computer 
business demand for semiconductor products in the 
U.S. should show gradual improvement, rising from 
$224 million in 1971 to about $260 million this year. 
However, we don’t expect a return to the [steep] pre- 
1970 growth patterns until late in the year.” 


Solid state 


(1 “The year 1972 will bring about the first growth the 
semiconductor industry has seen in three years,” pre- 
dicts Gene Selven, lately from Fairchild Semiconductor, 
now director of marketing at Raytheon Semicon- 
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ductor—a statement that encompasses the market con- 
sensus of semiconductor manufacturers. All told, semi- 
conductor sales should pierce the $1.3 billion mark in 
1972, up from $1.2 billion in 1971. 

The brightest spot for the 1972 market is the MOS seg- 
ment. Its strong growth over the last few years should 
continue with a whopping 30% gain to $130 million. 
The linear segment should grow an additional 13%, go- 
ing from $82 million in 1971 to about $93 million this 
year. Hybrid sales, especially in high-power circuits, will 
also come on strong in 1972, breaking $100 million for 
the first time. Bipolar digital (TTL, DTL, etc.) will gain 
$20-$25 million, up from a disappointing $267 million 
showing in 1971. Discrete conventional devices are ex- 
pected to continue their gradual decline, dropping $12 
million more to about $500 million. Thyristors, micro- 
wave diodes, transistors, and other discrete special de- 
vice sales, however, should climb from $113 million to 
$120 million. 

The year 1971 saw several major manufacturers drop 
out of the Ic business—General Electric, Sylvania, and 
Philco-Ford being the most prominent to throw in the 
sponge. 

The question is, will the shakeout continue? Don Sor- 
chyk, vice president and general manager of Harris 
Semiconductor in Melbourne, Fla., is one who thinks 
so. “We’re now seeing the shakeout that’s been pre- 
dicted for a long time, and I think it will continue,” he 
says. “But the shakeout should stabilize the market. If 
the companies remaining can stabilize their prices and 
stop trying to buy the market,” he adds, “the next few 
years should see significant improvement in overall 
semiconductor business.” 

In 1972, the big three—Texas Instruments, Dallas, 
Texas, Motorola Semiconductor, Phoenix, Ariz., and 
Fairchild Semiconductor, Mountain View, Calif.,—will 
be entering the MOS marketplace in a big way. The ef- 


fects on the distribution profile of MOs sales are still far 
from clear, but they are bound to be profound. Up to 
now, most MOS sales have been from single-technology 
manufacturers like American Micro-Systems Inc. and 
Intel Corp., both of Santa Clara, Calif., and North 
American Rockwell Microelectronics Co., Anaheim, 
Calif. 

Motorola, one of the giants that has publicly indi- 
cated its intention to be big in MOs, is tooling up its 
product line to meet the demand. An indication of just 
how bullish Motorola is on MOs can be gleaned from a 
statement made recently by Jack Haenichen, vice presi- 
dent and director of operations for the company’s MOS 
division: “Seventy-five percent of the conceivable elec- 
tronic jobs could be done with Mos, but only 10% are 
being done today with that technology. By 1976, half or 
more of LSI business will be Mos.” 

Rod O’Connor, marketing manager of the Semicon- 
ductor Products division of Motorola, agrees with his 
boss’ bright prediction for the future of MOS, putting to- 
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tal industry sales at $125 million for MOs products in 
1972. And, like many spokesmen in the industry, 
O’Connor says that “the 2,000-bit MOS RAM will become 
a standard in 1972, with the possibility of the 4,000-bit 
memory also coming along, but only in the latter part of 
the year.” Beyond that, he cautions, “the 8,000-bit 
memory poses many problems for single-package im- 
plementation.” 

One manufacturer that’s expecting a banner year in 
MOs is North American Rockwell Microelectronics Co. 
Ray Brown, director of product and market develop- 
ment, puts the MOS market at $125 million to $130 mil- 
lion. But Brown points out that he has seen estimates 
ranging from $140 million to $160 million for Mos. 

In Brown’s opinion, one of the reasons the MOS mar- 


ket won’t grow faster is that there’s been a reluctance on 
the part of many firms to move into capital investment 
programs until they see what the effects of the adminis- 
tration’s Phase 2 economic plan will be. 

He does feel, however, that second-generation calcu- 
lators “will begin to grow significantly in 1972. These 
new circuits will be both for new top-of-the-line scien- 
tific and accounting machines, as well as for very low- 
cost calculators,” he asserts, 

Taking a different point of view is William Eckess, 
marketing manager for the Microelectronic Products di- 
vision of Hughes Aircraft Co., Newport Beach, Calif. 
Although Eckess predicts that Mos device sales will 
grow an additional 40% in 1972 over 1971—from very 
close to $100 million to approximately $140 million—he 
sees custom calculator chips not growing nearly as 
sharply in sales as they have in recent years. He feels 
the memory market will take up the slack. Last year, 
RAMs and ROMs accounted for only about 10% ($10 mil- 
lion) of 1971 MOs sales and were dominated by MoOs- 
memory specialty manufacturers like Intel. Eckess says, 


“Most industry planners look for memory circuits to 
grow to as much as 25% of the total MOS 1972 market— 
roughly $35 million.” 

The most popular standard MOS memory circuit is the 
silicon-gate 1,024-bit RAM, such as the one pioneered by 
Intel. It was this particular standard circuit, cataloged 
1103, that persuaded many major companies to enter 
the standard MOs market. Almost everyone will second- 
source the 1103 in 1972, hoping to get some production 
experience under their belts when their own 1103-type 
designs can be developed. 

However, this could be the year bipolar technology 
makes a comeback against the surge of MOS in the 
memory area. The bipolar proponents hope to provide 
bipolar performance at MOS packing densities and 


58 


prices. For example, Fairchild, originator of the space- 
saving Isoplanar process, will soon announce the first 
1,024-bit bipolar RAM early in the year, with a 2,048-bit 
RAM scheduled for the end of 1972. 

In fact, there’s strong indication that bipolar tech- 
nology will dominate in the 1,024- and 2,048-bit memo- 
ries, and MOS will dominate in the 4,096- and 8,192-bit 
chips. And because bipolar technology traditionally has 
provided the performance that’s desirable for high- 
speed computer memories, many mainframe and pe- 
ripherals manufacturers may be reluctant to design in a 
MOS 1,024- or 2,048-bit RAM, for fear that bipolar cir- 
cuits will suddenly become available. 

Mike Markkula, U.S. marketing manager for compo- 
nents at Intel Corp., says that in the semiconductor 
memory area, “a great number of people are making an 
invalid comparison between bipolar and MOs devices.” 
He feels they are comparing the leading edge of bipolar 
technology such as Fairchild’s Isoplanar, against the 
middle or even trailing edge of MOS technology, like ev- 
eryone’s standard p-channel or silicon-gate p-channel 
devices. Markkula thinks they really should be weigh- 
ing “Isoplanar against n-channel silicon-gate tech- 
nology—this is the leading edge in MOs.” 

Many manufacturers agree that much of the MOS ac- 
tion should be in the n-channel silicon-gate area. In 
fact, there’s talk of a very heavy development in that 
area at Intel. And although Jerry Larkin, of American 
Micro-Systems, doesn’t see many dollars gained from 


devices using the new technologies, he does agree with 
Markkula that n-channel silicon-gate technology is a 
good bet to come on strong in 1972. 

Regarding technology in the MOs world, Eckess says 
that users “don’t seem to care what technology is used 
as long as they get the performance they need.” But 
Eckess hopes that the higher performances obtainable 
with ion implantation will attract more buyers in 1972. 

Another pioneer in ion implantation is Mostek in 
Carrollton, Texas. Berry Cash, marketing vice president 
of Mostek, sees sales of MOs hitting about $120 million 
in 1972, up from $80 million in 1971. He sees the break- 
down as standard high threshold at 35%, low threshold 
at 60%, and complementary MOS at 5%. He says that ion 
implantation will emerge as a significant factor in 
memory circuits over the next few years, with increased 
use of depletion loads, and adds, “We'll see ion implan- 
tation combined with other presently existing and new 
techniques, such as nitride, and silicon and alumina 
gates.” These techniques will go a long way in reducing 
the performance gap between MOs and bipolar devices. 

Clearly, C/MOs will continue to grow in 1972, espe- 
cially in the portable-equipment field, where its low 
power consumption is a distinct advantage. Perhaps the 
most bullish on the subject of C/MOs for 1972 are plan- 
ners at RCA’s Solid State division in Somerville, N.J., 
which pioneered in the technology several years ago. 
Dan Del Frate, marketing manager for all solid state 
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products at RCA, predicts that the C/MOSs market will 
double in 1972, reaching the $10 million level. Further, 
Del Frate feels that eventually C/MOs can address itself 
to 70% of the digital market, as it is defined today. 

RCA planners view the communications market—par- 
ticularly modern design where high-packing density is 
not a requirement—as a key one for C/MOS growth, 
along with the timepiece and industrial control market. 
Andy Doffo, RCA market manager for C/MOs products, 
claims that “products for these areas were all in pro- 
totype production in 1971, and now we’re beginning to 
see volume production orders this year. Doffo also says, 
“1972 is the year that many of the watch and clock 
manufacturers will start to commit themselves to an 
electronic watch circuit design. Since C/MOS is most 
suitable for micropower watch circuits, we’re girding 
ourselves for volume production.” 

What’s not generally realized is that the military and 
aerospace industries, which represent one of the biggest 
markets for C/MOS, should grow for the next five years. 
Indeed, it was for the high-reliability military communi- 
cations market that RCA first developed C/MOsS circuits, 
and sales still continue strong—“30% to 40% of the total 
C/MOS market is military and aerospace in 1972,” says 
Del Frate. 

Harris Semiconductor, Melbourne, Fla., is trying to 
expand its markets into the industrial and commercial 
segments, both with traditional C/MOs logic and C/MOS 
memory. An example of the Harris thrust into memory 
is its soon-to-be-announced C/MOS. 

According to Sorchyk, “we are gearing up our prod- 
uct line to penetrate both the traditional military mar- 
kets and the newer industrial ones, like process control 
and communications.” Ed Fernandez, product develop- 
ment manager for linear devices at Harris, points out 
that to survive in that area, “you must build products 
that will cut across all industry segments.” According to 


Fernandez, Harris’ new four-channel programable op 
amp is one such product. It should find such diversified 
applications as analog multiplexers with buffered input 
and output, integrator ramp generators, and general 
amplifiers with programable gains. 

After a two-year decline, digital bipolar sales are 
making a comeback. The total is expected to reach $290 
million, up 8.5% from last year’s disappointing $267 
million. Interestingly, the turnabout comes in the teeth 
of a continuing price erosion, both of TTL and DTL gates 
and flip-flops, as well as bipolar MSI circuits. Driving the 
market to higher dollar levels is quickening demand, es- 
pecially for MSI circuits for medium-sized computers 
and peripherals, and in MOs-interface equipment. 

Robert Ulrickson, digital marketing manager at Fair- 
child, agrees generally with the industry estimates put- 
ting total U.S. factory sales of bipolar ICs, including 
bipolar memories, at about $250 million in 1971, and 
the growth at about 7.5% to $270 million in 1972. “This 
growth rate should reach 12% by 1973,” he adds. “And 


Electronics/January 3, 1972 


Solid state 


(millions of dollars) 


Semiconductors, total 


Discretes, conventional 
Discretes, special 
Integrated circuits 
Optoelectronics 
Hybrids 


after 1973, I expect growth to continue, but at a lower 
rate because MOS will make inroads into the TTL and 
DTL markets and take over new ones.” 

C. Lester Hogan, president of Fairchild Camera & 
Instrument Corp., says, “Demand for TTL is fantastic— 
two to three million parts will be shipped this year.” 
“But,” warns Hogan, “sales should peak out in mid-’73, 
declining from there.” He sees TTL prices declining fur- 
ther and “reaching a level that will allow only two or 
three major manufacturers to produce this technology 
profitably.” 

As far as TTL pricing is concerned, Tom Thorkelson, 
marketing manager for digital products at National 
Semiconductor, says that “the industry is coming to the 
day of reckoning—it has to operate profitably.” But he 


adds that “there will be no skyrocketing of TTL prices. 
We see the average selling price coming down because 
MSI prices are coming down, and the TTL mix is shifting 
toward more and more MSI.” Motorola, in the face of 
general price declines, nevertheless boosted prices on 
some products about 15%. 

As for TTL trends, Thorkelson says that “Schottky is 
coming on strong, but it’s not going to replace ECL. 
We'll be in ECL in ’72. And another trend is toward 
three-level logic devices. National was the first to mar- 
ket these, and now } airchild and Signetics are follow- 
ing.” 

As for the military portion of the digital bipolar 1c 
business, Ulrickson expects it to be flat in 1972, or possi- 
bly to show some small increase. This opinion is sec- 
onded by Jerry Sanders, president of Advanced Micro 
Devices Inc., Sunnyvale, Calif., who says that military 
business for ICs is starting to pick up again. In general, 
“while the total military IC market has not grown,” says 
Sanders, “that for TTL memory and MSI circuits, line 
drivers, and receivers has.” 

While many people think of the semiconductor mar- 
ket as monolithic ICs only, hybrid circuits are very much 
in the picture, and the hybrid business is growing very 
well, indeed. Mike Scott, hybrid products marketing 
manager at National Semiconductor, puts the increase 
in sales this year at 30%, reaching the $100 million level. 
And he’s more optimistic over future growth, saying 
that “by 1973, hybrids will be a $400-$500 million mar- 
ket, if you include the potted modules.” Scott says the 
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reason hybrid circuits are getting popular is that relia- 
bility is better than with separately wired discretes. 

Scott points out that the consumer industry is “going 
hybrid.” For example, Delco Radio is expecting to have 
its new automobile radio going soon, with five hybrid 
ICs (thick film) to make up the complete unit. Further, 
RCA, in its new XL-100 series TV sets is using a five-chip 
thick film system. 

Scott also feels, “It won’t be long before the MOs and 
bipolar memory business starts turning to hybrids for 
memory stacks—say 4K words to 16 bits, using 1,000-bit 
chips.” Eckess agrees, saying that hybrids have a good 
chance of getting into the memory market, offering 
2,000- to 8,000-bit chips—especially monolithic chips 
with these packing densities can’t be produced in quan- 
tities in 1972. Hybrid circuits for the industrial and mili- 
tary markets are expanding as well. Scott says that Na- 
tional will have a $1-per-bit digital-to-analog converter 
on the market by the first quarter of °72, aimed espe- 
cially at the industrial controls market. Several active 
filters are scheduled for later in the year. 

Hughes is forecasting a $100 million hybrid market in 
1972, up from $80 million last year. Eckess attributes 
the growth to major military airborne programs that 
“will be going into production or beyond prototype 
stage this year.” In this market, he includes electronic 
countermeasures equipment, the Navy/Lockheed S-3A 
anti-submarine warfare aircraft, the Navy/Grumman 
F-14 fighter and Air Force/McDonnell Douglas F-15 
fighter as programs rich in hybrid opportunities. 

RCA is also eyeing the hybrid market. Both power and 
rf hybrid units will contribute to RCA’s new linear sales, 
says Frank Rohr, market manager for all hybrid prod- 
ucts. According to Rohr, power hybrid sales should 
grow n additional 60% and rf sales by 30% in 1972. In 
the power area, Rohr looks to computer peripherals, 
hammer drivers, and servos as best movers for this year. 
As for rf markets, “uhf mobile communications markets 
look promising,” he concludes. 

One product that RCA hopes to use as its leading edge 


in the rf segment is a 15-watt 450-megahertz amplifier. 
The amplifier, scheduled for release early in 1972, is 
aimed at the uhf mobile radio market, which, Rohr 
feels, offers the best opportunity. “Right now,” he says, 
uhf mobile represent only 25% of the radios, and we 
look for growth in this area to be more pronounced than 
in the low-frequency end.” 

Not optimistic are most forecasts for discrete devices 
for 1972. Observers look for the downward trend to con- 
tinue, “but how far is anyone’s guess,” says Hughes’ 
Eckess. “The problem is,” he says, “we don’t see any 
new*programs using discretes.” 

The best industry estimate on 1972 total sales of dis- 
cretes (conventional, as well as special devices) is about 
$622 million, down some $5 million from 1971. Slightly 
more optimistic than Eckess is John Duffy, product 
marketing manager for discretes at Fairchild, who looks 
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for a slight increase in total discrete sales this year, 
“reaching $616 million, up from $610 for 1971.” In his 
view, plastic packages will continue to take business 
away from metal-can units, “especially in the small sig- 
nal market.” Duffy puts the small-signal plastic transis- 
tor market as $64 million in 1972, up $8 million from 
last year, and can units dropping to $58 million from 


1971 sales of $62 million. Observers see this as an indi- 
cation of further erosion in military business, where the 
high reliability of cans is a requirment. The slack should 
be taken up in the industrial area, mostly in communi- 
cations and low-power control unifs, where plastic is 
adequate for most environments. 

National is another to adopt a more positive position 
in discrete devices in 1972. Thomas D. Recine, market- 
ing manager for discrete products, is not only looking to 
grab some of the small-signal plastic transister busi- 
ness—he estimates it at $4 million per month in 1972— 
but is expecting can packages to increase as well, mov- 
ing from $37 million in 1971 to about $45 million this 
year. 

Perhaps the brightest spot in the discrete segment is 
the market for silicon power transistors, going from 
about $96.5 million in ’71 to $103.5 million in ’72. In- 
creased use of semiconductors in the industrial segment 
is spurring this activity, and most industry observers see 
a steady increase in silicon power transistors and recti- 
fiers. 

Richard Abraham, director of operations for discrete 
products at Motorola’s Semiconductor Products divi- 
sion, says the reason for the growth in power transistors 
is that ICs still can’t handle power. “The part of the 
market that ICs will cut into will be the small-signal 
area. There’s still no way to do power functions with ICs, 
though.” 

Besides that, Abraham points out, “Any time you 
build any kind of data-processing equipment, you need 
power supplies.” 

On rf, Abraham sees “considerable growth,” too, “‘be- 
cause communications of all types are going to grow 
quite a bit, and the rf transistor portion should track 
reasonably well with growth in the total communica- 
tions market.” Beyond this year, Abraham looks for 
power transistor growth in such applications as automo- 
bile ignition and distribution systems and _ television 
sets, as power transistors continue to replace the power 
tubes remaining in those sets. 

Solid state optoelectronic devices are expected to con- 
tinue their strong showing of the last few years, growing 
to $51 million in 1973, up from last year’s total of $39.5 
million. Brightest will be light-emitting-diode displays— 
more than doubling to $12 million—and couplers, ex- 
pected to reach the $5 million mark, up from $2.5 mil- 
lion. Discrete LEDs also will perform well, jumping 50% 
to the $6.5 million level. The rest of the market, princi- 
pally the sensor-emitter functions, such as phototransis- 
tors and transistor arrays, is expected to remain flat at 
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$12 million because of saturation in the computer mar- 
ket, which absorbs the bulk of these devices for card 
and tag readers. 

In general, 1971 was the year that LED displays were 
designed into the bulk of new instruments. The effects 
of this trend will be felt over the next few years, with 
perhaps a healthy $25-$30 million market in 1975. Ac- 
cording to Ian McCrea, marketing manager of opto- 
electronic devices at Texas Instruments, the boom in 
LED displays can be attributed to the spectacular growth 
of the calculator and instrument market. 

McCrea is equally optimistic about the discrete LED 
market, seeing the consumer segment picking up as unit 
prices drop. As material and manufacturing costs drop, 
major manufacturers such as TI and Motorola will be 
able to deliver these lamps at prices that will open up 
new opportunities—among them, light-level indicators 
for cameras and pilot lights for appliances. Quantity 
prices as low as 35 cents per unit already have become 
industry standards in 1971. 

In addition, colors other than red are starting to ap- 
pear, making solid state lamps still more attractive as 
panel lights. Monsanto has announced a green and yel- 
low LED lamps, and the other manufacturers are soon to 
follow. Monsanto also has new displays in green and 
yellow. 


L] The consumer electronics market was a pleasant sur- 
prise in 1971. Manufacturers, anticipating a lack of buy- 
ing confidence, would have been happy just to make it 
back to the $3.5 billion sales level of 1970. Instead, the 
figure climbed to $3.9 billion. Expectations are that 
1972 will be another winner—the consensus estimates 
put the market at $4.1 billion. 

But still the soap opera questions hang over the in- 
dustry. Will Phase 2 policies bring out more of the buy- 
ing public? Will color Tv sales maintain momentum 
throughout the year? Will conflicting quadraphonic 
technologies sort themselves out? Will video cartridge 
players ever find a place in the American home? Tune 
in next year—and some of these questions still may not 
be answered. 

Another poser for the consumer electronics business 
these days is: “What is the consumer electronics busi- 


Consumer 
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ness?” Traditionally, it’s been dominated by television 
and audio products, but-a group of newcomers will be- 
gin to appear in 1972. Among them will be cheap, 
hand-held calculators, solid state wristwatches, and 
elaborate security-alarm systems. 

Topping the list of 1971’s successes was. color tele- 
vision, bellwether of the consumer electronics industry. 
Rousing third and fourth quarters pushed U.S. domes- 
tic sales to the $2 billion mark. Hardly a week went by 
in the second half in which color Tv didn’t set a record 
on the Electronic Industries Association’s sales reports, 
thanks in part to the karate chops delivered to the Japa- 
nese by the prolonged West Coast dock strike and the 
10% surcharge. The Phase | freeze had little affect on 
TV, since the tendency was to drop prices. 

The sales consensus for 1972 is $2 billion to $2.2 bil- 
lion, based on the anticipated growth of the second-set 
market for portables, as well as continued, but slower, 
penetration of the large-screen viewer’s home. Mean- 
while, monochrome Tv set dollar value is expected to 
continue to fade gradually—to less than $500 million. 

U.S. producers have usually depended on large- 
screen sales to counter Japanese competition for the 
small sets, yet 18- and 19-inch models sold very well 
and should continue strong. By percentage of units sold, 
the trend will shift toward portables this year. 

At the same time, Japan’s Sony and Matsushita (Pa- 
nasonic) are building assembly facilities in this country, 
and are most likely to challenge the traditionally strong 
U.S. hold on the large-screen models. And 25-in. sets 
have all but replaced the 23-in. models, which by the 
end of the year should be phased out entirely. 

Technologically, the trend toward the all-solid-state 
chassis begun with the 1972 model year will continue. 
And once again more electronic tuners will be found in 
more of this year’s models. The big selling point now is 
automatic tuning; eventually the Tv receiver will be 
crammed with factory-set controls. 

“The crossover point in price between the solid state 


and tube sets, which was supposed to happen in 1968, 
should take place in 1973,” when semiconducter prices 
finally drop to the point where set makers can afford to 
switch, says William Boss, vice president of marketing 
for Sylvania Entertainment Products division, Batavia, 
N.Y. “The general move to all-solid-state or hybrids 
[85% solid state] will have tremendous growth then.” 
High-fidelity components have tended to march to a 
different drum in the industry, and the coming year 
should be no exception. The big focal point, without 
question, is four-channel or quadraphonic sound. But 
there are two incompatible systems vying for attention— 
a handful of matrixing systems under the banner of 
cBS/Sony, Electro-Voice, and Sansui, which are now 
theoretically compatible with each other, and four- 
channel discrete sound, led by RCA Records using the 
Victor Company of Japan disk approach and supported 
by Matsushita hardware. The RCA Consumer Electron- 
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ics division has been trying to sell a discrete four-tape 
system but has not committed itself officially to follow- 
ing RCA Records into disk-playing equipment. 

Add to this mix the Dynaco phase-shift technique, 
which hypes up standard two-channel stereo records to 
get room-ambience sounds from the back speakers, and 
you have the makings of four channels worth of confu- 
sion. But despite the lack of a single dominating tech- 
nology—and the question this raises in potential sales—- 
hi-fi components makers are elated by the prospects of 
12% growth this year over last because of four-channel. 

“As a speaker manufacturer, ’m shouting hurrah. 
And as vice president of the Institute for High Fidelity, 
I’m also shouting hurrah for the whole industry.” Her- 
bert Horowitz, president of Empire Scientific, Garden 
City, N.Y., shouts. “Everybody is happy about four- 


channel. It is a true innovation that also excites sales. 

Similarly, 
Parks, marketing manager for Fisher Radio, 
City, N.Y. “After all,” he points out, 


incompatibility does not disturb James 
Garden 
“we've got other 


noncompatible systems in tape recordings. yet people 
buy what they want. Four-channel is the biggest shot in 
the arm since the advent of stereo.” 

Any doubts over the attractiveness of four-channel’s 
sales potential is dispelled by the fact that the big mass 
producers ordinarily inclined toward cumbersome con- 
soles are moving into components with all of their pro- 
motional might. Sales estimates ranging as high as $118 
million for all audio components sold with four-channel 
are being heard despite the fact that competing sys- 
tems are far from coming to a compromise. 

As one industry wag put it, the consumer could end 
up with a 6-foot-long amplifier in order to fit in adapt- 
ers for matrixing, discrete four-channel, phase shift, car- 
tridge, cassette, Dolby noise supresser, Philips noise 
suppressor, fm stereo, four-channel fm, discrete four- 
channel fm, and, by 1973, stereo audio for his video car- 
tridge players. 


But audio’s confusion over standards is orderly com- 


pared to the circus going on over the home video player. 


A year ago would-be producers seemed so exhausted by 
the test of wills over which of four or five noncompa- 
tible systems would prevail that there was serious talk 
about standardization. But in the meantime, there has 
been more confusion. All of the contenders have either 
delayed or cut back, including CBS-EVR. 

The clincher came when Motorola/EVR raised the is- 
sue of rf interference caused by video players on broad- 
cast reception, and the FCC sent everyone except Moto- 
rola back to the drawing board with a set of 
requirements that will necessitate a number of new 


tradeoffs. (Sony also received FCC approval late last 
year.) 

At the moment there is no consumer market for car- 
tridge TV. Only financially tight Cartridge Tv, San Jose, 
Calif., which also has one FCC-sanctioned model, is 
promising a consumer product, Cartrivision, by mid- 
year. All the others, including CBS, with its film-based 
EVR, Ampex with Instavideo tape, and the Japanese 
with a bewildering line of 42- and %4-in. VTR, are going 
after the commercial market first. 

Consumer sales will be slow in developing until pro- 
ducers get units that sell for $300 to $400 (compared to 
$800 to $900 now) and there is a worthwhile library of 
software to play at home. 

By that time, however, community antenna television 
will also be a larger factor in the home, now that CATV 
has apparently broken out of its small town, rural limits. 
The key to CATV’s growth has been penetration of the 
100 top markets, which was worked out late last year. 

After lolling around for some 20 years, the market for 
CATV equipment now looks very good—in fact, explo- 
sive sales of distribution equipment should be around 
$22-$23 million this year, after sales of $21 million in 
1971, but hit $35 million by 1975. Coaxial cable sales, 
also tracking CATV’s big city growth, will hang around 
$40 million this year, compared to $30 million last, ac- 
cording to manufacturers. 

Importation of outside channels to the major cities 
has been the point of contention between cablecasters 
and over-the-air broadcasters, but a formula giving 
CATV an entry is being worked out. 

A research report recently published by Mitre Corp., 
McLean, Va., estimated 10-year capital investment for a 
two-way system estimated by a single cablecaster in an 
urban market at $28 million to $61 million depending 
on audience saturation and services offered. This year 
there will be more trial two-way systems than working 
installations. However, by 1975 two-way capabilities 
should push total CATV equipment sales up to around 
$95 million. 

Other electronics applications in consumer goods 
may well be overshadowed this year by the arrival of 
all-solid-state wrist watches. Every watch company is 
evaluating quartz crystal timepieces, operated by either 
complementary MOS or p-channel MOS circuits, and 
with mechanical as well as digital readout. 

A major U.S. manufacturer is expected to announce 
soon a C/MOS watch with liquid crystal display that will 
sell for around $200. And Westclox will offer an MOS 
liquid crystal watch for $200. By the end of the year, as 
the Japanese and Swiss get into the race, MOS watches 
in the $100 neighborhood will begin to arrive, opening a 
sales potential for IC houses in the millions of units. 

Another newcomer to the consumer ranks this year is 
the hand-held calculator, offspring of the electronic 
desk-top units that swept to dominance of the commer- 
cial calculator field almost overnight. Now hand-held 
units built by Miida, Roy2l, and Commodore around 
single-chip LSI circuits are beginning to appear in dis- 
count centers, department stores, and camera shops, as 
well as office supply houses. No one is sure what the 
sales this year will be because these little four-function 
machines are still too new. 
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A good example of the powerful lure of the market, 
though, is Royal Consumer Products division, Hartford, 
Conn., a part of Litton Industries. With its Digital III 
and IV, made by the Monroe division of Litton, Royal 
is in a position to market these units to consumer out- 
lets, from mass merchandisers to the corner stationery 
shop. With quantity discounts and prompt payment, 
dealers can get these machines for under $90. Suggested 
retail prices are $139 and $149. 


Commercial 


C] The commercial market, as usual, is quite sensitive to 
economic conditions—which were anything but clear as 
1971 ended. Phase 2 is proving a mixed bag, and manu- 
facturers were looking for something more substantial 
to boost sales of office copiers, accounting machines, 
dictating machines, point-of-sale terminals, and calcu- 
lators. 

Symbolic of this end of the business is the electronic 
calculator. After flashing into 1971, electronic calcu- 
lators lost their dazzle by midyear. Prices took a nose- 
dive amid signs of overproduction. Though unit sales 
continued to rise, price drops left year-end dollar 
volume almost the same as 1970—around $400 million, 
including Japanese imports. This year, as one industry 
observer put it, “calculator sales are as much an enigma 
as the entire economy.” But projections indicate total 
sales of $450 million to $475 million, half of which will 
be American-made. 

Just as the low end of the line has been spun into the 
broader consumer market, the upper-end programable 


calculators are moving into broader commercial appli- 
cations. This trend will have a dramatic affect on 
programable sales, which will hit $100 to $140 million 
this year, compared to about $70 million in 1971. 

Two years ago, when the Japanese began their inva- 
sion of the desk-top calculator market, U.S. firms had to 
buy private-label machines simply to get into the com- 
petition. Now, with cost factors more favorable for do- 
mestic manufacture, firms such as Commodore, Mon- 
roe, and Victor Comptometer Corp. are touting “Made 
in America” for some lines. The main reasons for the 
shift are U.S. leadership in LSI circuits—now the heart of 
electronic calculators— and the declining amount of la- 
bor required to assemble the finished product. In addi- 
tion, the same West Coast dock strike and import sur- 
charge that slowed the flow of Japanese consumer 
goods to this country also stymied calculators and made 
domestic manufacture all the more viable. 

The education market is also confused, but it looks 
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healthier than a year ago because of an upsurge in in- 
dustrial education spending. The whole concept of 
audio-visual aids has changed toward “individual in- 
struction,” which puts a premium on small-screen pre- 
sentations— and perhaps presages the breakthrough of 
computer-aided instruction. 

According to Peter Roma, vice president for Video 
Circuits, Inc., Nanuet, N.Y., a video-tape adapter firm, 
educational equipment sales to industry have increased, 
not in spite of the poor economy, but because of it. 

This year should also mark the arrival of definitive 
specifications to guide the design and use of point-of- 
sale terminals at retail stores—with sales expected to to- 
tal about $51.5 million, compared to a mere $9.8 million 
in 1971. Manufacturers and retailers are still far apart 
on these specifications, but some progress has been 
made toward compatibility. 

Retailers so far are just not sold on a single-vendor 
concept, but want to be able to mix equipment to satisfy 
their own needs. The effort to ram a single company’s 
design into point-of-sales use has not worked. So this 
year, the cautious trial-and-error period should gradu- 
ally give way to genuine sales, if makers are ready to go 
along with retailer demand for compatibility. 


Communications 


CL] Alongisde most other segments of the U.S. economy, 
the communications industry looks positively healthy. 
And there are good reasons for a prognosis of continued 
good health in 1972 and beyond: 

= The Federal Communications Commission decided 
last May to allow competition among public communi- 
cations carriers, thus extending more of the equipment 
base to independent suppliers. 

» As a result of an earlier ruling, users can now attach 
non-Bell System equipment to the nationwide dialed- 
phone network. 

® Sections of the frequency spectrum, including mil- 
limeter-wave bands, were opened in 1971 for common- 
carrier usage; and proposed new allocations in land mo- 
bile bands promise to boost that business. 

= Data communications is taking off on an upward 
curve. 

# With a half-dozen proposals before the FCC for do- 
mestic satellite communications, a go-ahead for several 
systems seems likely early this year. 

= Communications equipment requirements overseas 


' are expected to zoom in 1972. 


The most rapidly growing segment of the domestic 
market is data communications, both the transmission 
business and “terminal equipment”—which ranges in 
sophistication from simple teleprinters to computer- 
front-end processors. 

In the terminal and communications control area, a 
recent trend—of particular significance to the manufac- 
turer of electronic equipment—is the emergence of 
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Radio 
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CATV 59 
CCTV 23 


“prime contractors” similar in function to military sys- 
tems contractors. Systems service companies are taking 
on responsibility for the purchase of terminal equip- 
ment as the end user balks at dealing with too many 
suppliers, according to Zakar V. Zakarian, president of 
Western Union Data Services Co., Mahwah, N.J. 

Until the historic FCC policy decision last May, only 
the phone companies had the charter to supply the pub- 
lic with the communications circuits to meet this explo- 
sive demand. Now specialized carriers can compete in 
leasing line-of-sight microwave channels. This decision 
will almost immediately double the market size for 
manufacturers of long-haul communications equip- 
ment, according to Harry Newton, a consultant for New 
York researchers Frost & Sullivan Inc. “This market 
last year was $100 million,” says Newton, “and will 
jump to over $200 million annually in 1972 and remain 
there throughout most of the decade.” 

About one-third of the long-haul stations planned by 
the specialized carriers are terminal stations that con- 
vert the microwave signals down to baseband for 
reamplification. At this point, the baseband signals may 
be dropped out or additional signals added. Typical 
cost for this kind of station is just under $500,000, and 
about 70% of the money spent is for electronics. 

A look at the electronics makeup of these microwave 
stations shows why manufacturers are closely following 
events in the specialized-carrier issue. The multiplexing 


and terminal equipment alone runs several hundred 
thousand dollars for a typical 400-channel baseband 
station. Large service companies will contract with key 
systems manufacturers for the installation and acquisi- 
tion of the components for the repeater stations. And in 
most cases, these systems contractors look outside their 
companies for a large portion of the equipment. Ray- 
theon Co., of Lexington, Mass., for example, does not 
manufacture multiplexers and will look for outside sup- 
pliers if it gets a turnkey job. 

Microwave Communications Inc., Washington, D.C., 
received two years ago the first FCC approval to build a 
trial link, between St. Louis and Chicago. This link is 
now operating, and the company is planning construc- 
tion of about six additional links this year. MCI will con- 
centrate first on the eastern U.S., and systems contracts 
will be distributed among several manufacturers. 
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Domestic satellite systems, which will back up exist- 
ing telephone and data transmission networks, are at 
best two years away from operation. But the FCC hopes 
to signal the go-ahead to several of the eight contenders 
early this year, and equipment contracts should follow. 

These systems promise less costly nationwide trans- 
mission rates, especially for one-way transmission of 
CATV and network TV. For an investment of as little as 
$50 million, one of these proposed systems could pro- 
vide links that transmit information from coast to coast 
just as readily as from New York to Washington. 

Meanwhile, the highly competitive market for Intel- 
sat ground stations hovers at the $60 million to $70 mil- 
lion annual level. With 65 statons operational and 17 
under construction, it is expected that about 20 new 
contracts will be let in 1972. Principal U.S. contenders 
are ITT and GTE International. 

The FCC’s Carterfone decision of 1968 for the first 
time allowed the interconnection of user-owned or 


leased equipment to the Bell System dialed network. 


The resulting interconnect market, as it is now known, is 
just beginning to become a major factor for communi- 
cations equipment manufacturers. Included in this mar- 
ket are data modems and multiplexers. 

Modems, which provide the interface between the 
computer and the voice network, constituted a $45.8 
million market in 1971 and are expected to show a 25% 
gain this year. The trend toward higher bit rates for use 
with the dial-up network will continue in 1972. An “er- 
ror-free” 4,800-bit-per-second modem was introduced 
in 1971 by Paradyne Corp., Clearwater, Fla., and other 
makers are expected to follow. 

James D. Wylie, marketing vice president at 
Paradyne, points to a related trend: error control in 
large computer systems is being built into the modem 
instead of being an added function of the central pro- 
cessor. The technique can cut costs of the system’s error- 
control function by better than 50%, Wylie says. 

This year, for the first time, stored-program computer 
control will be economical for PBXs with fewer than 300 
lines, says Lowell E. Hoxie, senior vice president of 
Dittberner Associates, a Washington, D.C., consulting 
firm. He adds that there will also be installations of PBXs 
in the under-30-line class that will be able to serve as 
key system replacements. The most active service fea- 
tures that will be marketed this year include direct in- 
ward dialing (DID) and automatic identification of out- 
ward dialing (AIOD) for billing purposes. 

Facsimile terminals in operation at the end of 1971 
totaled about 40,000 units, and the number will jump to 
between 70,000 and 80,000 in 1972, according to Peter 
S. Philippi, vice president and general manager of Mag- 
navox Systems Inc., Fort Wayne, Ind. 

Several manufacturers are now developing machines 
capable of transmitting an 8%-by-1l-inch document 
over the dialed phone line in one minute, down from 
the 4 to 6 minutes now required. This milestone will sig- 
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nificantly reduce both transmission and operating costs. 

Philippi says the Magnavox |-minute machine will 
use electronic scanning, eliminate redundant trans- 
mission by sending pulses only at black-white or white- 
black transitions during the scan, and employ a trans- 
mission rate of 3,600 or 4,800 bits per second. 

As technology develops, says Joe Verruso of Litton’s 
Datalog division, Melville, N.Y., the functions of the 
facsimile and the office copier will combine in the cor- 
porate copy center, making economical a copier with 
built-in transmitting capability. Teleprinter service may 
then no longer be economically feasible, adds Verruso. 

AT&T says it has nearly $12 billion in interconnect 
equipment installed on customer premises. This repre- 
sents about 20% of Bell’s total investment, and is now 
exposed to competition from other interconnectors. 
Many big communications and computer companies 
are eyeing this market intensively, ready to jump in 
when the timing appears right. 1BM, for example, makes 
an automatic PBX system for the European market. 
With the domestic sales and maintenance organization 
that it has, the computer giant is likely to invade the 
U.S. market after that market matures a little more. 

Meanwhile, AT&T seems determined to keep the lion’s 
share. Western Electric, AT&T’s manufacturing subsidi- 
ary, has completed a plant in Denver to make a new 
line of PBX equipment. The company will reportedly of- 
fer a PBX line for sale, rather than lease, to let it com- 
pete more directly with interconnect challengers. 

Sales of mobile radios, a market of 2.1 million units 


in 1970, are moving upward slowly, and are expected to 
reach 2.9 million in 1975 and 3.7 million by 1980, ac- 
cording to Glenn Petersen, general manager of the 
General Electric Mobile Radio department, Lynchburg, 
Va. Those projections are based on the assumption that 
the number of available channels remains constant. “If 
we change that assumption and add channels while the 
number per channel stays constant, the units jump to al- 
most 5 million by 1980,” Petersen says. 

And additional spectrum space appears on the way. 
Says Wendell Harris of the Fcc’s mobile radio branch: 
“If rulemaking docket 18262 is approved this year, 
about 75 megahertz of additional spectrum will be 
available for land mobile common carriers.” The added 
frequency bands would mean significant growth, since 
only 4 MHz is now available. 

From now on, a-m radio in the 2-MHz marine band 
will be virtually dead as far as new communications 
equipment is concerned. The FCC’s edict requiring vhf 
fm and single-sideband equipment for all new licenses 
became effective on Jan. 1. Present users of a-m chan- 
nels, however, have until Jan. 1, 1977 to make the shift, 
so the major jump in sales of vhf equipment is not ex- 
pected until 1976. There are now between 250,000 and 
300,000 marine radio sets in use, and the $18.6 million 
market in 1971 is expected to rise slightly in 1972. 

Annual increases of 100% or more are characteristic 
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of data communications equipment installations ir 
most European countries, according to Mirek Steven- 
son, board chairman of Quantum Science Corp., New 
York, N.Y. 

At least one U.S. company sees a sizable chunk of 
that business available in 1972. According to Michael 
Harrison, assistant marketing manager at Teledyne Mi- 
crowave division, Sunnyvale, Calif., circulator/isolator 
sales for U.S. companies will move upward by 25% to 
about $50 million. About $10-$12 million of that sales 
volume will come from Europe, where communications 
growth will exceed the capacities of European firms. 

The communications industry may fill in some of the 
market voids resulting from 1970-71 cutbacks in Gov- 
ernment spending for microwave equipment, but the 
Government is still the biggest spender. 

The microwave components market was a $200 mil- 
lion business in 1971. This market should creep up to 
about $220 million in 1972, says James W. Cauger, 
product sales manager at Microwave Associates, Burl- 
ington, Mass. “The reason for the low dollar figures,” 
Cauger adds, “is a market-wide depression of prices, 
caused by overcapacity. Most of this excess exists in ga- 
rage-shop or other low-overhead operations, and these 
take a long time failing.” 

Tom Hyltin, marketing manager for microwave com- 
ponents at Texas Instruments, sees a slight increase in 
defense spending over last year. Several companies are 
now getting contracts for C- and X-band phased-array 
modules, he points out, adding that probably $10 mil- 
lion in Government money will go into solid state 
phased-array modules this year. 

“One of the things people are beginning to realize,” 
Hyltin says, “is that the microwave industry is no big 
pot of gold. The R&D investments by companies are 
being cut significantly. There are now simply fewer 
people working in the field.” 

Richard Clark, who manages a new military program 
at Watkins-Johnson, Palo Alto, Calif., underscores the 
lack of enthusiasm over non-Government microwave 
markets: “If I were to go look for business right now,” 
says Clark, “it would have to have the military tied to it 
to be worth the effort. We wouldn’t throw microwave 
communications inquiries away, but much of this talk 
about industrial equipment just doesn’t materialize.” 

The commercial market will be highly competitive in 
the next several years, according to Wayne Grove, engi- 
neering manager for microelectronics R&D at Hewlett- 
Packard Co. For example, he says, “a broadband coax 
switch, operating from | to 12.4 GHz, having less than 
1.5-dB insertion loss at X-band, and with 40-dB isola- 
tion, would sell for about $100 in nominal quantities. 
Within the next several years, a similar unit will sell for 
$40 to $50 in the same quantities.” He attributes this 
price reduction to improvements in packaging and pro- 
duction, and larger volume. 

Richard J. Bell, vice president of marketing at Yig- 
Tek Corp., Santa Clara, Calif., couldn’t be more pleased 
with the commercial microwave market. Yig-Tek makes 
YIG filters and oscillators for communications and in- 
strumentation. Bell pegs the yiG filter market at $3 mil- 
lion in 1971. He does not have a good fix on 1972, 
partly because 40% of the business is in equipment that 
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has never incorporated YIG devices previously. In dis- 
tance measuring equipment for aircraft, for example, 
YIG devices are replacing varactor diodes, Bell says. 

The microwave tube market, which fell about 12% in 
1971 to about $140 million, is expected to slide another 
2% to 3% in 1972, says Clifford Rockwood, marketing 
manager for Varian’s Eimac division. “If the economy 
picks up, then the uhf/vhf television business will also, 
but now electronic countermeasures are the only bright 
spot,” Rockwood adds. 


Components 


(J Start with a full cup of conservatism, and sprinkle 
the mix with optimism—those are the ingredients of 
component makers’ forecasts for 1972. 

This year, standard components like resistors, capaci- 
tors and connectors will exhibit borderline growth at 
best. The heady 40% to 50% annual growth enjoyed by 
encapsulated hybrid circuits only three or four years 
ago will probably fall to a 10% to 15% level. Connector 
suppliers, hit hard by the drastic decline of the military 
market, are focusing on industrial and consumer areas 
to take up the slack. And electromechanical relays, hav- 
ing successfully fought off the threat from solid state 
competitors—at least for now—seem to be perking along 
with steady, if unspectacular, growth. 

Inventory buying on the part of equipment makers, 
or the lack of it, continues to dampen component sales. 
And price erosion is still gnawing away at profit mar- 
gins, forcing companies to lower prices to remain com- 
petitive and stay in business. In 1971, many companies 
showed significant unit volume growth, around 10%, 
but dollar volume grew only marginally, by about 2%. 
Price erosion is also affecting product manufacturing as 
component makers seek reduced labor and materials 
cost—without degrading product performance. 

Moreover, some new markets are-not developing as 
quickly as expected. Besides the overestimated com- 
puter market, newer and smaller areas, such as pollu- 
tion control, education, mass transportation, and anti- 
crime electronics, are not creating the hoped-for compo- 
nent demand. But component houses are still looking 
towards these new markets and others to take up the 
slack left by a depressed military business. 


Components 


(millions of dollars) 


Components, total 
Antennas and hardware 
Capacitors 
Connectors 
Tubes 
Resistors 
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Generally, the component houses do not see any 
major technological innovations developing within the 
next few years, partly due to large layoffs of engineering 
personnel. Instead, they predict a refinement of existing 
technologies and evolutionary, as opposed to revolu- 
tionary, changes in various product lines. 

The current economic situation has precipitated at 
least one significant marketing-strategy reversal. Sev- 
eral hybrid module makers, feeling that their general- 
purpose products are eventually going to be preempted 
by integrated circuit manufacturers, are going after the 
specialized customer who requires the integration of 
two or more circuit functions that cannot be bought as a 
chip. The hybrid module people also expect data con- 
verters to play a major role in their growth. 

One of the largest module suppliers, Analog Devices 
Inc., Norwood, Mass., is looking for a 15% to 20% in- 
crease in sales. The company plans to introduce be- 
tween 30 and 40 new products in the coming year, with 
at least 20 new entries in the data converter area. 

Another company in the hybrid module business, 
Teledyne/Philbrick, Dedham, Mass., anticipates about 
15% overall growth. “You have to go after those people 
who are currently manufacturing in-house,” says Neil 
Foster, marketing manager. 

Zeltex Inc., Concord, Calif., also a module maker, is a 
bit more bullish. Alex Boley, marketing director, is opti- 
mistic about the economy, and expects his company’s 
sales to double within 18 months. “We see ourselves be- 
coming a little more specialized,” he notes, “getting into 


medical electronics, instrumentation amplifiers, and 
oceanography applications.” Zeltex has just introduced 
a successful line of data converters. 

Burr-Brown Research Corp., Tucson, Ariz., attributes 
the slowdown of module growth to a flattening out of 
sales for the hybrid operational amplifier. The company 
intends to change gears and take the end-equipment 


approach. Jim Burns, director of new business develop- -- 


ment, explains, “We will be concentrating on satisfying 
functions—not selling specific products—in data acquisi- 
tion applications, biomedical instruments, and com- 
puter peripherals.” 

Resistor manufacturers have a generally conservative 
outlook, expecting perhaps 5% growth, and stressing 
product improvement and new markets. In trimmers, 
for example, price pressures from industrial and con- 
sumer electronics customers are forcing the makers to 
redesign their products to meet specifications while re- 
ducing the materials and labor costs. Dale Electronics 
Inc., Columbus, Neb., cut the number of parts in its 
trimmers from 13 to 9. And Centralab, a division of 
Globe-Union Inc., Milwaukee, is developing a '2-inch- 
diameter industrial carbon potentiometer with a plastic, 
rather than metal, case. 

Dale pointed out another interesting result of the dol- 
lar squeeze—customers are now taking advantage of 
component performance margins. For instance, smaller 
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resistors are being operated at higher ambient tempera- 
tures. A 's-watt resistor now frequently replaces a 2-Ww 
one, and a 1/10-W resistor substitutes for a ’%-W unit. 

In the process of recovering from the 30% drop that 
potentiometers suffered in 1970, the Trimpot Products 
division of Bourns Inc., Riverside, Calif., expects “big 
things” from its new Knobpot. Intended for test, mea- 
surement, and process control applications, Knobpot is 
both a potentiometer and a digital readout. 

Like the resistor houses, capacitor companies are 
wary, predicting around the same 5% increase in sales 
and expecting the most growth from chip capacitors. 
The manufacturers feel that the use of both tantalum 
and ceramic capacitor chips will grow at much the same 
rate as hybrid circuits, about 10% to 15% in 1972. The 
sales of standard product lines such as mica capacitors 
are expected to decline slightly. 

According to Al Irwin, sales manager of Mallory Ca- 
pacitor Co., Indianapolis, 200 million tantalum capaci- 
tors were produced in this country in 1971, and about 5 


to 10 million of them were chips. Tantalum chips are 
now being designed into new products, so chip produc- 
tion should “take off well in 1973.” 

Probably the largest capacitor maker, Sprague Elec- 
tric Co., North Adams, Mass., anticipates a significant 
increase in the sales of dual-in-line-packaged compo- 
nents. In addition, the company intends to introduce 
some new packaging concepts shortly. Sprague will be 
dropping several low-demand capacitors from its offer- 
ings in 1972, having re-evaluated its entire product line. 

Also predicting a weeding out of capacitor offerings 1s 
Erie Technological Products Inc., Erie, Pa. Chick Ciac- 
chini, marketing manager, says Erie expects a sales 
growth of 10% to 15% in 1972, mainly because of its 
Monobloc chip capacitors. 

Conservative forecasts are also coming from connec- 
tor circles, and the consensus is—military business is 
down but industrial/commercial sales are up. To offset 
the narrowing military market, Amphenol’s Industrial 
division, Chicago, intends to meet the specialized de- 
mands of consumer and industrial products. The com- 
pany will soon offer a do-it-yourself connector kit that 
the user can assemble into a specialized connector. 

Eyeing the room-for-growth commercial market is 
ITT Cannon Electric division, Los Angeles. “We entered 
the commercial market early in °71,” says Bob McFar- 
land, product line manager, “and now we'll go after the 
data processing, telecommunications, and medical elec- 
tronics people. We are also investigating the possibility 
of automotive and housing applications.” 

One commercial area that’s been virtually a one-com- 
pany market will begin to open up. Manufacturers of 
peripherals have had to use IBM-supplied connectors if 
they wanted their own equipment to be compatible with 
IBM computer systems. In 1972, AMP Inc., Harrisburg, 
Pa., will offer an alternative, the Amplimate connector, 
which will mate with the IBM 48-position Serpent. 
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Elco Corp., Willow Grove, Pa., is also emphasizing 
new connectors. The company’s planned 1972 introduc- 
tions include new backplane interconnections, card in- 
sertion connectors, input-output rack-and-panel con- 
nectors, and low-insertion-force Varicon connectors. 

Yet another force in the connector business, Burndy 
Corp., Norwalk, Conn., is very confident, anticipating a 
10% to 15% growth this year. Burndy puts its faith in the 
equipment users who will be buying this year instead of 
just thinking it over. 

The picture looks reasonably bright for electro- 
mechanical relays, despite some competition from solid 
state devices. Relay manufacturers say the only real 
area from which solid state relays have expelled elec- 
tromechanical units is in logic applications. And, to 
date, solid state relays comprise only about 2% of the to- 
tal relay market. Walter Richert, director of research 
and development at Potter & Brumfield, Princeton, 
Ind., points out that solid state relays are still young and 
that makers are just starting to get feedback from users. 
It will take about five years to complete the learning 
curve for solid state relays, says Richert. 

Electromechanical relays for industrial applications 
are maintaining a steady sales level for Guardian Elec- 
tric Manufacturing Co., Chicago. According to Robert 
Heyne, general sales manager, new markets and new 
products are retaining the prosaic relay’s sales vigor. In 
fact, says Heyne, 50% of what his company sells today 
goes into products that did not exist 10 years ago, and 
20% are for products that are not five years old. 

While component companies continue to upgrade 
their products with improvements the customer often 
does not see or know about, some components are un- 
dergoing an obvious design metamorphosis to meet the 
price demands of specific markets. Harry Meyer, direc- 
tor of engineering, Micro Switch division, Honeywell, 
Freeport, Ill., notes that meeting cost pressure often 
means dropping features, not reducing specifications. 
For example, Micro Switch waived redundancy in favor 
of lower cost by using two lamps instead of four in one 
of its lighted pushbutton switches. 

Whetting the appetite of switch module makers is the 
desk calculator market. At least two companies are hard 
at work developing a low-cost keyboard switch. They 
are Oak Manufacturing Co., Crystal Lake, Ill, and 
Cherry Electrical Products Corp., Waukegaa, Ill. 

Designs on the way will involve fewer parts, more 
molded parts, and advanced production techniques. 


Production 


(] The new tax credits on capital equipment purchases 
are expected to give a welcome shot in the arm to the 
electronic production machinery business. But helpful 
as this infusion is, it is not the major source for opti- 
mism among manufacturers about 1972 prospects. With 
their customers under increasing pressure to automate 
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production lines to meet stiff price competition, manu- 
facturers foresee sales improving by as much as 25%. 

Cost-cutting schemes are most evident in integrated 
circuit packages, where simpler plastic and ceramic de- 
signs will reduce package prices to nearly half what they 
were in 1971. Thick film circuits will be used more ex- 
tensively in commercial and consumer equipment as 
circuit makers follow Delco Electronics and the RCA 
television operation in setting up cost-cutting auto- 
mated production lines. Proponents of flat cable, long 
frustrated by the lack of reliable connectors, are opti- 
mistic about breaking that logjam in 1972. One of the 
most pervasive packaging technologies—printed cir- 
cuits—is expected merely to creep upward this year. 

The hold-off in capital equipment purchases, com- 
bined with the pressure to automate, is proving a bless- 
ing to those in the service bureau business. “We've been 
seeing a big expansion in this area,” says Jack Staller, 
president of Microsystems Technology Corp., Bur- 
lington, Mass., maker of computer-controlled semi- 
automatic wire-wrapping machines. Staller says that 
electronics producers have been holding off on capital 


equipment purchases with a wait-and-see attitude, and 
instead of buying, have been going outside for their 
production needs. However, he does expect confidence 
to return and sales to rise by as much as 25% in 1972, 
with the turnaround beginning in mid-1972. 

“After a drought for so long, it’s got to rain a little,” 
comments John Hohl, vice president of Universal In- 
struments Inc., Binghamton, N.Y. The remark typifies 
the outlook of most production equipment makers. 
Hohl says he’s looking for at least 20% to 25% growth in 
1972. However, in the viewpoint of Martin Weiss, finan- 
cial vice president at Kulicke & Soffa, Fort Washington, 
Pa., it could be misleading to talk percentage gains, be- 
cause the past two years have been so bad that almost 
any increase would constitute a significant percentage 
gain. But Weiss does point out that the drop in capital 
equipment purchases is starting to catch up with some 
semiconductor makers, who make up the major portion 
of K&S customers. Newer production machines, he says, 
are more efficient—thus more profitable to own. 

Looking a little deeper, William Hugle, a director of 
the Semiconductor Production Equipment Manufac- 
turers Association, says that, outside the U.S., only Ja- 
pan seems to be coming alive with requirements for new 
equipment. Without considering the effects of sur- 
charges or the international money situation, he sees a 
good market in Japan for MOS production equipment 
such as oxiders and nitriders. There does not seem to be 
a good market there for bonders, since most of that 
equipment is made in Japan. In the U.S., there is still an 
excess capacity, he says, adding however that he does 
see an upswing here in sales of MOS equipment. 

Semiconductor companies welcome the prospect of 
some lower prices for packages to house large-scale in- 
tegrated devices. Ceramic package prices aré dropping 
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as more simplified designs are introduced, and low-cost, 
pre-molded plastic packages are also taking hold. 

The price erosion of ceramic packages is illustrated 
by the experience of Metallized Ceramics Corp. of 
Providence, R.I. Frank Rydwansky, manager of appli- 
cations engineering, says Metceram’s gross dollar sales 
dropped about 25% in 1971, even though more pack- 
ages were sold than ever before. 

The total package market, according to Ray Martino, 
vice president of U.S. Electronics Services, Clifton 
Heights, Pa., was about $15 million in 1971. Of this, he 
says, pre-molded plastic packages took about 4% to 5%, 
or about three-quarters of a million dollars. Martino ex- 
pects unit sales to grow substantially in 1972, but con- 
tinued price decreases may hold down the value of the 
market to the $20 million level. He expects pre-molded 
plastic packages to increase their share to 10%. 

Late 1971 saw ceramic packages in the 40-lead con- 
figuration selling for about 90 cents and his own plastic 
packages selling for about 35 cents, Martino says. In 
1972, these will drop to about 60 cents for ceramic and 
about 26 cents for plastic, he adds. 

One of the newsmakers in the ceramic LSI package 
area in 1971 was the edge-mount package, which was 
used by SCM-Marchant Group, Oakland, Calif., in its 
portable calculators. Hammond Organ Co., Chicago, 
Ill., also swung to edge mounts; however, beyond these 
two users, there was interest, but few commitments. 

At American Micro-Systems Inc., Santa Clara, Calif., 
one of the suppliers of the MOS/LSI chips in the edge 
mounts, James Barnett, packaging development man- 
ager, says the edge mount “‘is a specialty item only, 
now.” Barnett looks to simplified packages, such as 
AMI’s own SLM (single-layer metalization, pronounced 
“slam’”) package, as the wave of the future. The SLM, he 
says, can now be made for less than 50 cents for a 40- 
lead version, and may drop to the 25-cent level by 
year’s end. At that price, it will give plastic a run for the 
money. 

The edge mount, however, is sure to survive as a hy- 
brid, multichip circuit substrate. Manufacturers such as 
the Texas Instruments Connector Products department, 
Attleboro, Mass., and AMP Inc., Harrisburg, Pa., are 
producing connectors for edge mounts. One of the ma- 
jor needs is a rugged contact that can withstand the 
abrasiveness of the ceramic. Thus, with this develop- 
ment already achieved, multichip edge mounts, similar 
to edge-mounted printed circuit boards, are practical. 

Thick film circuits will continue to make inroads in 
the commercial and consumer markets in 1972. RCA set 
the stage last year with its automated production line 
for hybrid circuits that go into the company’s XL-100 
color television sets. Other consumer electronics pro- 
ducers are sure to follow the thick film route. “They’re 
obviously the way to go,” says George Lane, president 
of Electro Materials Corp. of America, Mamaroneck, 
N.Y., makers of conductive and resistive pastes for thick 
film circuits. Lane expects between 25% and 50% in- 
creases for thick films in 1972. 

Like thick films, flat cable has been touted for a long 
time, but not until 1971 did it really begin to take hold. 
This year however, the market could double for flat 
cable and the associated connectors, according to Leroy 
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Gray, marketing manager at Burndy Corp., Norwalk, 
Conn. Designers, he says, are beginning to recognize the 
economies in making all terminations to a connector at 
the same time, which can be done with flat cable. And, 
with newer connectors that are rugged and give reliable 
contact, he says that flat cable has arrived. 

Printed circuit sales will increase in 1972, but will not 
reach the banner year of 1969, when combined inde- 
pendent and captive production was valued at about 
$455 million, according to figures of the Institute of 
Printed Circuits, the industry association. The sharp 
drop in 1970 to below $400 million was followed by a 
nearly level 1971, but pe production should amount to 
more than $425 million this year. Unfortunately for the 
independent suppliers, much of the gain will still occur 
within the confines of the big in-house producers. 


Instruments 


CL] After a flat 1971, instrument makers are predicting a 
7% sales increase for 1972. But that forecast presumes 
improved domestic sales will more than make up for a 
tailing off in European sales. And it was those European 
sales—some $400 million—that kept 1971 from being a 
bad year. 

The biggest disappointment of 1971, say instrument 
marketing men, was the failure of an anticipated mid- 
summer surge in the economy to materialize. They also 
found their customers continuing to be careful about 
purchase of basic test instruments. Buyers are no longer 
acquiring a bench unit because it has an extra capabil- 
ity that may be needed only rarely, but are sticking to 
less sophisticated, single-purpose machines. 

On automatic test systems, however, the opposite is 
the case—customers seem willing to go all out. Lowered 
production costs is the rationale with which users of 
production testers of components, pe cards, subsystems 
or systems justify their open-handedness. Eventually, 
they argue, the equipment will pay for itself. 

The systems, which range upward from small groups 
of instruments controlled by a programable calculator 
and connected to large-scale-component or card testers, 
“are getting smarter,” to use the phrase of Al Oliverio, 
marketing manager for Hewlett-Packard’s instrumenta- 
tion division, Palo Alto, Calif. The reason: “complex ICs 
are now available at reasonable costs.” 

For instance, read-only memories can be employed as 
special-purpose processors or controllers inside an in- 
strument—H-P’s computing counter is one example. A 
suitably programed read-only memory can instruct the 
counter to read out in pounds, psi, or any other units. 

And the advent of low-cost controllers such as mini- 
computers and small hard-wired controllers allows 
people to configure systems to fit special needs. H-P has 
developed a card-and-box system that reduces instru- 
ments to the pe card level. The customer buys the func- 
tions he needs—such as an analog-to-digital converter, a 
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counter, and a DVM—and plugs them into the box. The 
box, which has a back-panel wiring system arranged 
around address and data buses, can then be connected 
to a minicomputer, and the result is a special automatic 
test or measurement system. 

In general, the automatic testing area has burst wide 
open. Within the last year, Fairchild Camera & Instru- 
ment Corp.’s Systems Technology division, Sunnyvale, 
Calif., announced a complete new family of six test sys- 
tems that are built on a modular concept like that used 
by IBM in its System 360 line [Electronics, Dec. 6, p. 
113]. Tektronix, Beaverton, Ore., announced a new LSI 
test system [Electronics, Sept. 27, p. 92]; the John Fluke 
Co., Seattle, Wash., entered the systems business with 
an instrument and subassembly test and calibration sys- 
tem [Electronics, Sept. 27, p. 91]; Systron-Donner Corp., 
Concord, Calif., set up an automatic test equipment di- 
vision and announced a new pe card test system; and 
several other major automatic test systems were intro- 
duced, 

At General Radio in Concord, Mass., senior vice 
president Bill Thurston feels that automatic testing sys- 
tems will be the company’s most important product 
area in the next year. The company is introducing nine 
new systems with price tags ranging from a low of about 
$20,000 to a high in excess of $100,000. They will in- 
clude digital and analog circuit testers, passive circuit 
testers, laser trimming systems for thick film circuits, 
anodizing trimming systems, and rf network analyzers. 

Thurston expects these systems to sell well despite 
high price tags and a sluggish economy because of their 
ability to increase productivity. They can, he claims, 
pay for themselves in one fiscal year. 

And 1972 looks like a year in which those systems will 
find customers. Tektronix’ Frank Elardo, field market- 
ing manager, points out that “with the proposed 7% tax 
credit, companies will now invest in capital equipment, 
especially if that equipment holds the promise of lower- 
ing production costs.” But there are traps to be avoided 
in using automatic test equipment. H-P’s Oliverio says 


that “a study has shown that a man who buys an au- 
tomatic measurement system will spend 200% of the 
cost of the system to use it. This includes software, train- 
ing, and just plain learning to live with it. It’s expensive 
to operate a test system—even if the hardware was free.” 
Thus, Oliverio feels that only a few can support them. 

Instrument buyers are also shifting away from tech- 
nology for technology’s sake. Frank Marble, director of 
marketing for Systron-Donner Corp., says, “It used to 
be that if you had a new instrument that did something 
different or unusual, everyone bought one; but this is 
not the case now.” 

Both Tony Odderstol, sales manager at Monsanto’s 
Electronic Instrument division, West Caldwell, N.J., 
and Brian Franklin, sales manager at Dana Labora- 
tories, Irving, Calif., agree that today’s customer is de- 
manding and getting instruments at about half the cost 
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of three to five years ago. With very few exceptions, 
Franklin points out, “the purchasing of highly sophis- 
ticated instruments on the basis of their prestige value is 
a thing of the past.” 

To back up his contention, Franklin says that Dana’s 
original model 5300 digital voltmeter was available in 
six versions with varying capabilities. “We found that 
the customer wasn’t ordering much of that capability, so 
we did away with a half-rack version.” Dana introduced 
a new lower-cost version of the 5300 last November, 
and Franklin says “we now have essentially a systems 
instrument with one plug-in module. We cut our manu- 
facturing costs and inventory needs and can give better 
delivery.” 

But while all agree that there is no money to spend on 
expensive toys, the money situation has loosened up 
some. In Oakland, Calif, t-H Research Corp.’s Larry 
Hahn, bench instrument marketing manager, says that 
“buyers actually have some money now and they are 
breathing a little - and when they breathe a little better, 
so do we. Customers are now buying equipment that 
they have actually needed for some ume.” 

The trend toward lower cost single-purpose instru- 
ments, in the opinion of Monsanto’s Odderstol, will pre- 
vent the counter-timer market from reaching the $40 
million high-water level of 1969. Nevertheless, he does 
see an increase of approximately 15% over 1971’s $28 
million. 

At the John Fluke Co., Jerry Froland, marketing 
manager, also is seeing careful customers “People are 
buying just what they need,” says Froland, “If they 
need a 4%4-dipit DVM, then they are buying our $700 
unit and not the $1,500 one. If they need a 5%- 
digit DVM, then they buy the mainframe and add the 
plug-ins as they need them.” He calls this the onesy- 
twosy business—not high volume—and says that “over 
the next year, this type of business will see a 10% in 
crease in dollars if we make a push to get the bucks.” 
Because the customers want quality, “they are turning 
to the established manufacturers, and not the newer 
companies that offer some new gadget or trill.” But he 
adds that “we will have to make a strong effort to get 
the business” because the competition is keener. 

Tony Schiavo, product line manager for DvMs and 
data amplifiers at Dana, agrees that today’s customer is 
not just price-conscious, but more value-conscious than 
ever before. “Customers are worried about service, 
about ease of calibration, and these things aren’t easy to 
put into specs,” he observes. 

The Dana spokesman is describing both the Govern- 
ment and the industrial customer. “Uncle Sam has 
changed from a state-of-the-art specification philosophy 
to actually looking at the job to find out what he really 


/0 


needs,” Schiavo notes. And because instruments are go- 
ing into plants with less electronics background than the 
traditional aerospace customer, more user-oriented fea- 
tures are being built into instruments. 

Schiavo says the DVM market began to turn around 
for the better for Dana last spring. He looks for contin- 
ued improvement at his company and throughout the 
industry. “Money has begun to loosen and customers 
are ordering again,” he says. Dana’s own bookings 
through last “November were a third the previous year’s. 
The DVM market had slipped from about $30 million to 
$22 million in the past few years, Schiavo says, but the 
upturn that the “good manufacturers” have already 


seen may take it to $25 million in 1972. He sees it as a 
year when the instrument industry will be adjusting its 


product lines to the needs of a very value-conscious cus- 
tomer. For example, cold-cathode tube displays will 
predominate in 1972 instruments because they cost less 
than light-emitting diodes. 

The same ts true in the digital panel meter field. Rus- 
sel Walton, president of Electro-Numerics Inc., Sunny- 
vale, Calit., expects that “while LEDs and liquid crystal 
readouts will make some inroads in digital panel me- 
ters, they won’t come on big for another three years or 
so because of their higher cost.” He says that the less ex- 
pensive Numatron tube offers the same 1C-compatible 
planar display as crystals of LEDs plus the added advan- 
tage of different colors 

Probably the biggest problem in the digital panel me- 
ter market will be what Walton calls the “shakeout of 
the crud. There are just too many suppliers that don’t 
make a quality product,” says Walton. 


The trend toward lower-cost instruments with fewer 
frills is also being seen with oscilloscopes and instru- 
mentation tape recorders. Tek’s Elardo says that “our 


customers will continue to go after the low-cost, yet 
high-performance, scopes such as the 5100 2-megahertz 
and the 7400 50-MHz unit.” The 7400 is the economy 
model of Tek’s 7000 series of plug-in mainframe instru- 
ments. Tek has also come out with a low-cost portable 
scope that sells for under $600. 

And Mel LeGette, national sales manager for the In- 
strumentation division at Ampex Corp., Redwood City, 
Calif, says that “while the overall instrumentation tape 
recorder market has declined, the portable recorder 
market has held level.” These machines typically cost 
from $1,000 to $14,000 and are generally less sophis- 
ticated than their laboratory big brothers. 

T.eGette puts the instrumentation recorder market at 
about $59 million in 1969. This fell to about $43 million 
in 1970 and dropped still further to $40 million in 
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1971. “This will drop another 3% or so in 1972,” he says, 
“although these figures are hard to pinpoint because it’s 
difficult to separate out the special-purpose machines 
that are designed for the Government.” His figures are 
baseline numbers that do not include such special Gov- 
ernment recorders. One possible area for growth in this 
market, he suggests, is cassette machines. 

A rather better year can be expected for the pulse 
generator market. Hahn of E-H feels that a 20% increase 
over the $11 million of 1971 “is attainable and not un- 
realistic.” Hahn says that “we haven't seen the 1969 
sales levels yet—we are now about the 1970 level when 
sales began to decrease.” He had hoped instrument 
sales would have picked up sooner, but attributes the 
slow rise to the “wait and see what’s new” attitude be- 
fore Wescon and the general sluggishness of the sum- 
mer. Mel Brown, president of Berkeley Nucleonics, 
Berkeley, Calif., a manufacturer of precision pulse gen- 
erators employed in calibrating radiation measuring 
equipment, says that the “market for nuclear instru- 
mentation was about $80 million in 1971, and T expect 
1972 to be up about 8% to 10%.” 


The medical equipment market will approach $640 
million in 1972, a $60 million increase over 1971. More- 
over, the Department of Health, Education, and Wel- 
fare predicts the figure will surge to $1.32 billion by 
1975, and adds that the burgeoning use of computers in 
support of instrumentation will contribute significantly 
to patient-monitoring and clinical-laboratory markets. 

Dramatic growth is also expected for: health care de- 
livery services and devices: diagnostic electronics, such 
as automated multiphasic health test clinics; and re- 
mote delivery of rural and ghetto health care, which will 
rely heavily on medical telemetry and highly automated 
equipment operated by paramedical personnel, 

Clinical laboratory instrumentation is an $80 million 
to $100 million market, now rising some 15% to 20% an- 
nually as the demand for clinical tests increases. It’s rel- 
atively cluttered with companies wanting to automate, 
“so it’s going to grow by the competitive mechanism 
rather than by the inventive,” says Ross Robinson of 
the Abbott Laboratories Advanced Technology divi- 
sion, Chicago. Yet only 10% of some 3,000 available 
clinical tests have been automated. The market will be 
helped by mergers and eventual franchising of the 
small, private clinical labs unable to invest in instru- 
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mentation, plus the trend in hospitals to big, central, so- 
phisticated labs. 

Industry is predicting lots of activity in physiological 
monitoring systems, a field cluttered with aerospace 
companies. From an estimated $25 million in sales last 
year, cardiac monitoring will jump to $28 million in 
1972, “and higher, if electronics companies discovered 
other interesting organs to monitor besides the heart 
and lungs.” says one physician user. As for heart and 
lung monitoring, the push will be toward computers. 

While electronics companies report that they aren’t 
upset about the possibility of the Food and Drug Ad- 
ministration’s getiing a legislative mandate to set design 
and performance standards, and to preclear medical 
electronics for efficacy as well as safety. hearings will 
probably be held on several bills later this year. How- 
ever, device legislation is not high on the Adminis- 
iration’s list of health care priorities. But standards 
would mean costly additional testing, manufacturing, 
and record-keeping procedures for manufacturers. 


Industrial 


|| More than any other sector, prospects for industrial 
electronics are geared to the U.S. economy and the indi- 
cation that action from Washington will be successful in 
spurring capital equipment spending. Coming out of a 
poor 1971, in which expected second-half sales didn’t 
materialize, manufacturers of process-control equip- 
ment and numerically controlled machine tools are pin- 
ning their hopes for a turnaround this year on President 
Nixon's tax credit for c apital equipment outlays. 

That credit, according to surveys by the U.S. Com- 
merce Department and McGraw-Hill’s economics de- 
partment, should stimulate capital spending by 6.5% to 
7%, for a total of about $87 billion. By contrast, 1971's 
capital equipment spending only grew by 2.2% over the 
1970 level -not enough to keep pace with inflation, 

Increased pressure to improve productivity and re- 
duce cosis is one factor that will entice industrial firms 
to take advantage of the tax break. Updating is needed 
in many industries. As one automation equipment sup- 
plier warns, “It can no longer be delayed.” 

This is particularly true in the metal-cutting indus- 
tries, a leading indicator of the general economy, main- 
tains Jack Morey, manager of marketing analysis at the 
General Electric Co., Manufacturing and Process Auto- 
mation division, Waynesboro, Va. He foresees an in- 
crease of as much as 25% in N/C equipment sales, attrib- 
utable to cost-cutting pressures facing makers. 

Others, however, are less sanguine. Peter Senkiw, 
president of the Numerical Controls Society and head 
of his own systems consulting firm, holds that faster, 
more efficient operation the major selling point of 
N/C- doesn't mean a thing if the equipment sits idle 
from lack of orders. Senkiw thinks that 1¢ will take at 
least until fall for “some indications that we ve finally 
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Industrial equipment, total 590 674 
Motor controls 84 90 


Numerical controls 36 43 
Inspection systems 45 50 
Process controls and instruments 93 113 
Computer process systems 258 283 


turned the corner.” He adds: ‘“‘When we do, the increase 
will be gradual.” 

Meanwhile, sales of N/C equipment have plummeted 
from a high point near $70 million in 1969 to nearly 
half that amount in 1971. The Electronics forecast 


shows that in 1972 it will about reach the 1970 level of 


$43 million. Some companies are already questioning if 
they should remain in the business. “We're lucky to 
have other products,” says an official of one N/C house. 

Direct numerical control systems—N/C operated by a 
central computer—will be the first to meet their manu- 
facturers’ sales expectations when the turnaround does 
come. With money still quite tight, the less expensive 
DN/C approach should do well, Senkiw says, partic- 
ularly for systems that can gradually increase the num- 
ber of tools under computer control. 

Probably the most vigorous actions will come in sales 
of minicomputers. “Following the original equipment 
manufacturer, the end user in the industrial community 
is becoming much more attuned to the minicomputer,” 
says Joseph M. Lombardo, manager of data acquisition 
and control systems for Digital Equipment Corp., May- 
nard, Mass. Because of increased end-user participa- 
tion, Lombardo predicts that minicomputer sales in the 
industrial marketplace will reach as high as $160 mil- 
lion this year—up from $130 million in 1971 and $100 
million in 1970. 

The automotive industry is one of the leaders in im- 
plementing such new control systems. And for increased 
efficiency, it is automating many of its operations. The 
auto companies may also be changing their buying 
habits, notes Melvin L. Couchman, director of market- 
ing at Systems Engineering Laboratories, Fort Lauder- 
dale, Fla. He says the car makers seem to be looking for 
suppliers of turnkey test systems; in the past, they have 
tended to integrate their own systems of electronics, me- 
chanical test hardware, and programing software. 

Detroit is also looking to automate the materials han- 
dling and warehousing portion of its operation, as wit- 
ness the new system designed by Cutler-Hammer’s In- 
dustrial Systems division for General Motors’ disk 
brake production facility in Saginaw, Mich. 

However, the automation of materials handling and 
warehousing activities has not developed at the rate ex- 
pected a year ago, according to both Cutler-Hammer 


72 


and another important supplier in the field, the Indus- 
trial Systems division of Aerojet-General Corp., Fred- 
erick, Md. The reason is familiar: the economy is down, 
and along with it went investment in capital equipment. 

Sales of programable controllers have been similarly 
held back. However, some controller suppliers see 1972 
as a growth year. Don Chace, DEC’s pDP-14 product line 
manager, predicts as much as a 50% growth over a 
disappointing 1971, when in mid-year he had to chop 
his early sales estimates in half. 

Applications in the automotive industry are doing 
well, asserts Lee Rosseau, president of Modicon Inc., 
Bedford, Mass., and “sprinklings” of programable con- 
trollers are beginning to turn up in batch chemical, tex- 
tile, and other process control systems. 

In process control, companies like Foxboro Corp., 
Honeywell’s Industrial Products division, and General 
Electric all report higher sales of systems in 1971 than in 
the previous year, and look for this upward trend to 
continue in 1972. 

“Its been a mixed bag, but on the average, we’re 
ahead,” says Philip Smith, general manager of GE’s 
Marketing and Process Automation Systems Marketing 
department, West Lynn, Mass. He finds steel, mining, 
metals, and textiles “pretty flat,” with inquiries from the 
petrochemical and chemical industries picking up. “The 
base of new projects is not abundant,” says a spokes- 
man at Foxboro Corp., Fort Washington, Pa. He adds 


that large-scale computer-controlled process installa- 
tions definitely have been affected by the economy. 
Monitoring equipment for water pollution and waste- 
treatment facilities are starting to use more electronics. 
In fact, some companies, according to one source, are 
buying standard data acquisition equipment that has 
been around for awhile, but is new to these industries. 


Federal 


(] Outside the major markets of defense and aerospace, 
new Government electronics business in 1972 shapes up 
as a catch-as-catch-can kind of business. Though there 
is growth in all the principal markets—health care, edu- 
cation, and ground transportation systems—most of the 
increases (see table) will be offset by a combination of 
factors reflecting a 4% inflation factor and a widely-dis- 
persed market for a variety of demonstration systems. 
Dollars for health care electronics, the largest single 
element in this area, should climb by $14 million to an 
estimated $174 million, an increase of almost 9% from 
1971. Though the forecast growth is a bit greater than 
the 8% gain last year when the market expanded from 
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$148 million to $160 million, industry officials see an es- 
sentially stable situation. Nevertheless, the consensus of 
manufacturers represented in Washington is that the 
market is worth pursuing—and is likely to double in 
value in five years. 

Education, traditionally a slow starter, is unlikely to 
realize any major expansion until electronic system 
prices can be sharply reduced. Thus, education will re- 
flect a somewhat smaller growth in 1972—8% vs 9%. 
What’s more, much of that money is scattered around to 
local state and county operations as grants, a distribu- 
tion system for which the industry still must develop 
marketing services. 

The outlook for the electronics industry in the non- 
military corridors of Government is brightest in the 
younger, more centralized agencies, such as the Law 
Enforcement Assistance Administration (LEAA) in the 


Justice Department, the Urban Mass Transportation 
Administration in the Department of Transportation, 
and the U.S. Postal Service. 

LEAA’s fiscal 1973 appropriation is expected to be 
somewhat higher than this year’s $698.4 million, which 
is more than ten times the agency’s 1969 budget. The 
largest single chunk—some $416.3 million—will go 
directly to the states. 

Electronics companies will also find contract money 
at the National Institute for Law Enforcement and 
Criminal Justice, LEAA’s R&D arm, whose budget this 
year almost tripled to $21 million. The institute will 
continue funding research in such areas as voiceprint 
analysis and the development of personal police trans- 
ceivers. 

Research and development funding in the $800 mil- 
lion Urban Mass Transportation Administration 
(UMTA)—is bankrolled at a record $75 million this year, 
with almost $54 million earmarked for the hardware- 
intensive early demonstration projects, such as Boeing’s 
personal rapid transit network in Morgantown, W. Va., 
which uses Bendix electronics. 

Closely linked to UMTA projects is work in intercity 
rail transportation, which is being done at the Federal 
Railway Administration’s Office of High-speed Ground 
Transportation. Also, the Federal Highway Adminis- 
tration has quadrupled its R&D funding for automated 
highways and urban traffic control networks to $28 mil- 
lion. 

An important trend in HEW, which will affect the na- 
ture of medical electronic purchases within the depart- 
ment and outside, is the change in emphasis from 
health care research to health care delivery—from the 
National Institutes of Health (NIH) to its sister agency, 
the Health Services and Mental Health Administration. 

HSMHA has asked Congress for $38 million to start its 
Health Maintenance Organization Service. Of the po- 
tential $38 million for the health maintenance service 
and $14 million more allocated for R&D in experimental 
health delivery systems, Jack Brown, associate deputy 
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administrator for development at HSMHA, estimates that 
$10-$12 million will be spent for hardware. 

The Federal Aviation Administration’s electronics 
budget is also going up. Out of the FAA’s operating 
budget, which is expected to rise above last year’s $1.5 
billion, the agency expects to spend about $100 million 
in air navigation and air traffic control (ATC) equip- 
ment, buying new radars, communications gear, instru- 
ment landing systems, and other electronic equipment. 

FAA research and development funds will also rise, 
from $71 million in fiscal 1972 to about $110 million in 
fiscal 1973. The major electronics R&D projects that FAA 
will fund in 1972 include $2 million for development of 
a discrete-address beacon system; $14 million for a 
microwave instrument landing system, for which $2 mil- 
lion in contract definition phase awards are expected 
early this year; $2 million for further testing of collision 
avoidance systems; and $25 million for R&D of various 
ATC automation projects. 

The U.S. Postal Service says it will be a multi-billion 
electronics market in nine to ten years, due to increased 
mail load and increased mechanizations. The service es- 
timates it will spend $80 million this year for develop- 
ment and engineering activities. Also, the Postal Service 
is implementing a bulk mail network of 21 major cen- 
ters that it expects will cost more than $950 million by 
1975. Other on-going programs include encoding and 
printing of letter mail, remote visual displays, and fac- 
simile, microwave, and laser transmission of mail. 

Expenditures by the Environmental Protection 
Agency for instrumentation are small, but electronics 
companies are most likely to find contracts in the fledg- 
ling agency’s research, development, and demonstration 
budget. In 1972, about $100 million has been set aside 
for control and monitoring technology. 


Military 


L] By far the most significant factor impacting 1972 
Federal electronics spending—and defense in particu- 
lar—is President Nixon’s program for re-election. 
Inextricably linked to it are White House efforts to 
stabilize the economy and turn it upward—and to return 
workers, including electronics engineers, to jobs. 

A part of this effort that will impact the electronics in- 
dustries is the plan being put together by former ssT 
project leader William A. Magruder, now a Special As- 
sistant to the President. The aims are to push U.S. tech- 
nological innovation, productivity, and competitiveness 
in world markets by supporting increased industrial 
R&D in electronics and other technologies [Electronics, 
Sept. 27, p. 33]. Details of this program will be disclosed 
by the President in January. 

Although the fiscal 1973 budget is still being worked 
on, defense spending, by far the largest item in the Fed- 
eral budget, is expected to turn upwards as the Admin- 
istration employs it as leverage on the economy. Elec- 


73 


U.S. MARKETS FORECAST 


Military R&D steps higher 


Defense dollars for research, development, testing, 
and engineering (RDT&E) are rising once more—rising, 
says Congress, to more than $8.1 billion in the fiscal 
1972 appropriation just passed. What the numbers 
say is that the $7.51 billion base (not counting trans- 
ferred and separate funds) for military RDT&E is up 
more than 7% this fiscal year. And indications are that 
it will rise a bit more in the fiscal 1973 budget, which 
President Nixon delivers to Congress within weeks. 

The electronics content of this year’s RDT&E spend- 
ing will run to a bit more than one-third of the total 
budget base, or some $2.55 billion—a rise of more 
than $200 million from the prior year, according to es- 
timates of the Electronics Industries Association. The 
EIA estimate that the Defense Department will lay out 
some 33.5% of its R&D monies for electronics ‘‘is prob- 
ably pretty accurate,’’ says a ranking Pentagon bud- 
geteer, though he concedes no one keeps precise 
spending breakouts on a technological basis. 

The keys to defense electronics spending will be 
found in four areas. Two are covered by the ‘‘new ini- 
tiatives’’ promoted by John S. Foster, Director of De- 
fense Research and Engineering. The initiatives em- 
brace both development efforts for some major 
improvements of existing hardware and smaller funds 


tronics estimates that outlays for defense electronics, 
which slipped another 5% in 1971, will rise more than 
4% in 1972—but not enough to bring spending back to 
1969 dollar totals. 

Though some of this increase will be offset by infla- 
tion, Government and industry officials see more net 
defense spending and more for electronic hardware de- 
signed to improve the U.S. strategic balance after years 
of heavy emphasis on tactical systems. 

The major upcoming programs that contain a high 
electronics content include: the Navy’s Underseas Long 
Range Missile System (ULMS); a submarine class de- 
signed to replace the Poseidon/Polaris fleet; the Air 
Force’s Airborne Warning and Control System (Awacs), 
for which Hughes and Westinghouse are competing as 
radar contractors; Grumman’s F-14 for the Navy, and 
McDonnell Douglas’s F-I5 for the Air Force; the 
Navy’s new DD-963 destroyer class, awarded to Litton 
Industries; and the Air Force B-1 strategic bomber, now 
in R&D at North American Rockwell. Admittedly, some 
of these are politically chancy for, as an Electronic In- 
dustries Association survey notes, “the B-1 will be the 
first victim of a successful strategic arms limitation talk” 
with the Soviet Union. The study notes that its member 
“respondents were fairly evenly divided over the poten- 
tial success of the SALT talks.” 

But even in light of the transition from a hot to a cold 
war, the 1972 outlook invariably favors electronics tech- 
nology over others. “Intelligence and communications 
become paramount concerns,” explains one Pentagon 
planner. “We need better data and we must find ways 
of using it better, getting it quickly from here to there. 
That’s a communications problem requiring everything 
from computers to satellites and lasers.” 

The emphasis on electronic detection and counter- 
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for exploring some totally new approaches [Electron- 
ics, Jan. 4, 1971, p. 33]. Some 30 new initiatives are 
reportedly already funded at more than $50 million, 
and another $70 million to $80 million is anticipated 
for approval in fiscal 1973. 

The two other areas include competitive prototyping 
[Electronics, Aug. 30, 1971, p. 65], which officials say 
now appears better suited to less costly electronic 
subsystems than to major weapons, such as ships and 
aircraft. The fourth area is on-going large programs 
for which subcontracting money is beginning to be- 
come available as specific subsystem requirements 
are spelled out. 

This last category requires the most money. It in- 
cludes the Navy's undersea long-range missile (ULMS), 
for which Lockheed recently received more than $25 
million in development funds; a new ULMS boat; an ex- 
tended-range Poseidon (ExPO) missile; and the Air 
Force B-1 strategic bomber, for which Radiation Inc., 
was recently named multiplexor subcontractor to 
prime contractor North American Rockwell. What's 
more, there is a heavy emphasis on a variety of strate- 
gic and tactical missiles for all three services, which 
are forecast to spend more than $2.2 billion this 
year—an estimated 10% increase over 1971. 


measures is likely to make the Navy and its antisubma- 
rine warfare requirement the top customer for military 
electronics in 1972, followed closely by the Air Force. 
Also, in terms of new business opportunities, the Navy’s 
potential is still the most viable in the eyes of defense 
budget planners. The Navy has new 1972.funds for five 
nuclear attack subs, the first nuclear-powered guided- 
missile frigate, seven DD-963 destroyers, two submarine 
tenders, and three rescue and salvage vessels. Money is 
also available for conversion of two guided-missile frig- 
ates to upgraded weapons, and six missile subs to Posei- 
don systems. Long-lead-time money is provided for four 
more attack submarines and another nuclear frigate. 

The Navy has money to buy 290 aircraft, compared 
with the allocation for 188 planes for Air Force, where 
emphasis lies on such development programs as the B-1 
and the A-X, a new close-support plane. Navy buys will 
include A-6 all-weather bombers, the EA-6B counter- 
measures planes, E-2C early warning aircraft, A-7 at- 
tack fighters, more P-3C antisubmarine patrol planes 
and their carrier-based counterpart, the S-3A, the Av- 
8A Harrier for the Marine Corps, the F-14A, and the 
RH-3D mine countermeasure helicopter. Major missile 
development money is also included for the Aegis fleet 
air defense system and the long-range standoff system, 
Harpoon. 

The Navy’s R&D outlook presents the best long-range 
potential for military electronics manufacturers. Faced 
with a visible expansion of Soviet seapower, constrained 
budgets, and a political requirement to keep out of for- 
eign involvements not critical to U.S. interests, the 
Chief of Naval Operations, Adm. Elmo Zumwalt, is 
contemplating broad changes within the service. 

Already the Navy is moving toward a single carrier 
class, which should lead to elimination of the distinction 
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between attack and antisubmarine warfare. Though 
Pentagon R&D officials point out this is aimed at coping 
with a probable reduction in the size of force, set at 15 
carriers, its impact will be to put a greater variety of air- 
craft on fewer ships and to increase the pressure for 
compatible electronics on all aircraft. The USs Saratoga 
is already experimenting with this concept, adding more 
attack aircraft to its ASW squadrons. 

Space limitations on such all-purpose carriers is also 
expected to increase the appeal of vertical-take-off-and- 
landing (VTOL) planes like the Hawker-Siddeley Av-8 
Harrier, now entering the Marine Corps inventory. The 
acquisition of the British plane, coupled with the fact 
that Zumwalt is encouraging more joint operations with 
navies of U.S. allies, could herald an increased use of 
more foreign technology in the Navy. 

The race between Russia and the U.S. to produce 


missile and attack-class submarines indicates continuing 
growth for electronics for at least the next two years. 
The single largest identifiable R&D program for surface 
ship surveillance is the Ocean Surveillance Information 
System OSIS now being studied by System Development 
Corp., Santa Monica, Calif. Osis planners envision 
achievement of real-time tracking of military and com- 
mercial vessels in the world’s oceans. Its potential for 
satellite and aircraft sensors and for digital communi- 
cations is touted as being in billions of dollars for the 
next decade. Apart from Osis, Navy specialists already 
conceive that extremely high altitude aircraft—whose lo- 
cation will not disclose fleet positions—will replace 
many existing shipboard radars, eliminating many of 
the electromagnetic incompatibility problems between 
different shipboard equipments. “That is a trend you 
can count on,” says one official. 

For antisubmarine warfare, the emphasis continues 
on development of expendable sonobuoys and, more 
recently, towable sonars. As submarines run quieter and 
deeper—sometimes below the ocean boundary layer 
that precludes their detection by thermal sensors—the 
need for improvements in sonar signal processing and 
classification has become a prime Navy concern. 

Defense officials not only want detection sonobuoys 
for ASW, but also countermeasure sonobuoys whose 
acoustic signals could be employed to protect a ship’s 
location. “Money is a major factor there,” an official 
says. “This has got to be one-shot equipment.” 

As for towable sonars—units that are not an integral 
part of any particular ship but could be attached to 
most any in the fleet—they suggest a trend within the 
service to move costly electronics outboard, increasing 
flexibility and, hopefully, lowering costs by cutting pro- 
curement units. 

Major Air Force buys include C-130 transports as 
well as more of the fighters originally developed for 
Navy use, the LTV A-7 and the McDonnell Douglas F-4. 
Missile funds on the strategic side will go for more Min- 
uteman 3s with multiple warheads and for Boeing’s 
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short-range attack missile (SRAM). Tactical missile buys 
scheduled for 1972 include the anti-radar Shrike, the 
air-to-air Sparrow and Sidewinder, and the first buy of 
Maverick, the air-to-ground missile for use by the A-7 
and F-4 against such targets as tanks and artillery. 

The direction of Air Force R&D programs is away 
from the tactical aircraft used in Vietnam. In fact, the 
threat of tighter budgets—and the view that future Pres- 
idents will avoid direct involvement of U.S. forces in 
any war except one against the U.S. or its NATO allies— 
has Air Force planners emphasizing strike and air supe- 
riority aircraft for long-term goals. 

The next generation of close support aircraft dubbed 
AX—attack experimental—is in the ““maybe-maybe not” 
category because of the plane’s tactical role and the 
tight money in aerospace. And Air Force plans for the 
remotely-piloted vehicle (RPV) have produced more 
nays than yeas among Congressional staffers. The pros- 
pect of two or more RPVs mounted on the wings of a 
larger command and control aircraft may delight avion- 
ics suppliers, but Congress regards such added systems 
as “exotic and expensive,” according to one Congres- 
sional staff man. 

Though the Army has new money for 400 more OH- 
58 light observation helicopters, that figure represents a 
significant decrease from the number procured in each 
of the past two years, because the Army’s requirements 
are declining. 

Congress has also hinted that the Army should take 
another look at its big sensor program called STANO, for 
surveillance, target acquisition and night operations. In 
effect, Congress warned that sensors should be good for 
detecting relatively light traffic not only on a remote 
jungle trail but also in heavily industrialized areas. 


(J The budgetary climate at the National Aeronautics 
and Space Administration has grown cold since the hal- 
cyon days of the Apollo program, and now the agency’s 
two major space programs are in trouble. 

Because of inflation, the approximately $3 million 
NASA is likely to get for fiscal 1973 will be worth about 
5% less than the $3.3 billion allocated last year, and, be- 
cause of the long lead time required for any space pro- 
gram, the outlook for more electronics—usually about 
one-third of the agency’s budget—into the mid-1970s is 
not bright. 

But not all of NASA’s programs are in trouble. Scien- 
tific and planetary budgets will be increased slightly 
next year. For example, the Viking program—auto- 
mated probes to Mars—set for 1975, is going ahead, 
with Martin’s Denver division, Denver, Colo., building 
the lander and the Jet Propulsion Laboratory, Pasa- 
dena, Calif., managing the orbiter. 

NASA received $180 million in fiscal 1972 for the $800 
million Viking program, which should reach peak fund- 
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ing in the spring or summer this year, according to the 
Office of Space Science. The High Energy Astronomical 
Observatory satellite program is also underway. TRW 
Systems Group, Redondo Beach, Calif., will build the 
first two [Electronics, Dec. 6, 1971, p. 50]. 

The signing of that $70 million contract this year 
however, will release all the money for the $200 million 
program. Subcontractors have not yet been named. The 
$100 million Mariner Venus/Mars probe program, 
which the Boeing Co., Seattle, Wash., is building under 
a $47 million contract for JPL management, looks to be 
safely on schedule after slippage. 

The space shuttle and the so-called “Grand Tours”— 
now renamed the Outer Planets Missions—face chang- 
ing moods in the White House and in Congress. Their 
concern now focuses on the sluggish economy, unem- 
ployment, and the environment. One hopeful note in 


this election year is that large programs like the shuttle 
and Outer Planets Missions help create jobs, especially 
in politically restless areas such as aerospace. 

NASA considers the shuttle crucial to its manned 
space flight program, and NASA administrator James C. 
Fletcher concedes that manned space is in trouble if the 
shuttle isn’t funded [Electronics, Dec. 6, 1971, p. 42]. 

Originally conceived as a $10- $13 billion program, 
the space shuttle was proposed as reusable booster-orbi- 
ter of C-5A size that would dock at a space station, un- 
load men and materials, and return to earth. This con- 
cept, requiring some new electronics, would have cost 
about $2 billion a year in the mid-1970s. 

Now the space agency is talking about a simpler 
booster-orbiter costing about $5 billion, with peak fund- 
ing of about $1 billion annually, Fletcher says. This 
budget-priced version would use off-the-shelf electron- 
ics and have a smaller booster. NASA has not yet chosen 
its most desirable concept from proposals for piloted, 
partially usable, or disposable boosters. 

With an eye toward political realities, NASA is asking 
for less development money this year than it really 
wants for the shuttle. But even the approximately $200 
million it seeks doesn’t look firm, Fletcher says. Lack of 
adequate funding has already caused a stretch-out of 
the definition studies by McDonnell Douglas, St. Louis, 
Mo., and North American Rockwell, Downey, Calif.; 
these reports will not be submitted until April, or per- 
haps even later. 

Like the shuttle, the Outer Planets Mission faces 
tough going this year. Already, the tour of the outer 
planets has been scaled down to an economy price. The 
original program featured visits to Jupiter, Saturn and 
Pluto in 1976 and 1977, with special trips to Jupiter, 
Neptune, and Uranus in 1979. The ticket would cost up 
to $900 million; but last year, Congress couldn’t see 
putting up more than $20 million. If NASA’s requested 
funds don’t get approved, the agency may have to cut 
back the scope of the program. 

Among its options, according to an official in the Of- 
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fice of Space Science, are a reduction in the payload, a 
cut in the number of missions, or dropping off the last 
planet. If NASA can launch the program this year, most 
of the money will be spent in the next two years. 

Such financial and scheduling uncertainty over 
NASA’s bigger space programs could also curtail many 
experiments proposed for these projects. The Outer 
Planets Mission is particularly susceptible to uncer- 
tainties since the project must be ready to take advan- 
tage of the favorable alignment of the outer planets. 

Programs for communications and earth resources 
satellites “will probably go up some,” says Vincent L. 
Johnson, deputy associate administrator, Office of 
Space Science. He also predicts that there will be sev- 
eral new starts in the $10 million to $50 million range 
for prototype satellites in such areas as meteorology. 

Typifying NASA’s practical experimentation are the 
$200 million applied-technology satellites F and G that 
Fairchild Industries, Germantown, Md., is building for 
launch in 1973 and 1975. About half the funding has 
been allocated for the program. Philco-Ford Space and 
Re-entry Systems division, Palo Alto, Calif, is subcon- 
tractor for communications electronics, Honeywell 
Aerospace, Minneapolis, Minn., for stabilization and 
control, and IBM Federal Systems division, Gaithers- 
burg, Md., for telemetry and command. 

The Orbiting Solar Observatory I, J and K series pro- 
gram also is firm, with about $21 million out of about 
$90 million paid to prime contractor Hughes Aircraft 
Co., Culver City, Calif., by the middle of this year. 

NASA’s aeronautical research budget will go up mod- 
estly over the fiscal 1972 $100 million level, and applied 
space research is likely to hold level at $75 million. Re- 
search will be concentrated in five areas: simulation of 
future air traffic control models, electronic airplane con- 
trol systems, automated vertical-takeoff-and-landing 
aircraft avionics systems, a microwave collision avoi- 
dance system for general aviation, and communications 
and research systems for aeronautical satellites. 

Indicative, too, of NASA’s pragmatic turn is its re- 


search into short-takeoff-and-landing (STOL) aircraft. 
The agency recently awarded $1.5 million contracts to 
McDonnell Douglas; Grumman Aerospace, teamed 
with Boeing; and Lockheed Georgia, teamed with 
North American Rockwell Aerospace, and Cornell 
Aeronautical Laboratory. The contractors are to pro- 
vide design concepts by mid-year for a quiet STOL trans- 
port. Toward the end of the year, the agency plans to 
choose one of these contractors to build two prototypes, 
including control, guidance and display systems, in an 
estimated $100 million program to be completed in 
1974-75. And example of NASA’s interest in STOL avion- 
ics is its $2.3 million contract with Sperry Rand’s Flight 
Systems division, Phoenix, Ariz., to build a digital 
avionics computer. O 
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- Stackpole ferrites 


can cut a power supply 
down to size 


Tektronix, Inc. uses Ceramag® 
ferrite materials to achieve effi- 
ciency and significant savings. 


Conventional power supplies are 
bulky, heavy and inefficient. Tek- 
tronix, Inc. changed all that. With 
ferrites and a fresh idea. 


By rectifying line voltage, con- 
verting it to 25kHz and rectifying 
it again, Tektronix, Inc. engineers 
produced a power supply that 
was 50% lighter, over 25% 
smaller and consumed ¥% less 
power. And the overall operating 
efficiency of 70% is a big im- 
provement over the 50% typical 
of conventional power supplies. 


Ferrites can offer the unique ad- 
vantages, design freedoms and 
electronic characteristics that 
produce exciting new ideas. 
Stackpole Ceramag ferrites were 
used throughout the power sup- 
ply design. Because Stackpole 
has a wide variety of materials 
and configurations, designers 
can unleash their imaginations. 

Ceramag 24B 


Tektronix, Inc. selected 24B for 
their “U” and “E” cores. This 
proven material has seen years 
of service in flybacks for televi- 
sion. Ideal for power applications, 
it can be operated at higher fre- 
quencies than laminated steel. It 
is cool running, due to low losses 
under power conditions and con- 
trolled power permeability. Tool- 
ing is available for a wide range of 
“U", “E” and “I” configurations. 
Ceramag 24 


Toroids of Ceramag 24 were used 
by Tektronix, Inc. for transformer 
cores. Again, this is a proven 
material, widely used by the com- 
puter industry for pulse trans- 
former cores. It has a tightly 
controlled initial permeability, 
and tooling for a variety of sizes 
is also available. 

Ceramag 7D and 27A 
Multiple material selection for 
coil forms allowed Tektronix, Inc. 
maximum flexibility and design 
freedom. Proper inductance 
values could be achieved in the 
allotted amount of room. In addi- 
tion, the high resistance of 7D 


material prevents accidental 
shorting on printed circuit boards. 


Great new designs happen when 
you start with the idea of ferrites. 
Particularly Stackpole Ceramag 
ferrite components. Why? Be- 
cause Stackpole offers the vari- 
ety of materials, numerous tooled 
configurations and the technical 
back-up you need. Twenty-four 
years of television and computer 
experience makes Stackpole one 
of the largest and most experi- 
enced domestic suppliers of 
quality ferrites. 


Consider ferrites on your next 
prototype or redesign. But give 
us a call when you start. Perhaps 
we (and some Ceramag® ferrites) 
can help you cut a problem down 
to size. Stackpole Carbon Com- 
pany, Electronic Components 
Division, St. Marys, Pa. 15857. 
Phone: 814-781-8521. TWX: 510- 
693-4511. 


” STACKPOLE 
® ELECTRONIC COMPONENTS DIVISION 


Circle 81 on reader service card 
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Circle 82 on reader service card 


Ke 
RANGES 


COMPLETE, AUTORANGING 


ANALOG OUTR 


1 iV RESOLUTION 


... for Dana’s 5300... A five digit, premium quality, high per- 
formance DVM... Take a look... You get a standard instrument 
featuring 5-DC Ranges (.1-1000V) with 1,,V resolution; .005% DC 
accuracy, complete auto-ranging; 74 dB noise rejection at 60Hz; 
analog output; and 10,000 megohm input resistance. But that’s 
not all... by using field expandable plug-in options you can extend 
the capability of the 5300. Add 6 ranges of 4-terminal ohms with 
ImQ resolution; 4 ranges of AC (1-1000V) with 10,,V resolution 
over a broad band from 30 Hz to 250 kHz; 5 ranges of bipolar 
4-wire DC/DC ratio; isolated remote programming and BCD out- 
put; 100 readings per second (fully programmable) .. . There is 
much more to the 5300 than we can possibly tell you here... . so 
let us show you. 


You have the budget and the decision, Dana has the Digital 
Voltmeters. 


Dana Laboratories, Inc. 
-) fy i ' 4 2401 Campus Drive, Irvine 
Ll 6 California 92664 (714) 833-1234 


DIGITAL VOLTMETERS When Test and Measurement Count 


B 
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Designer's casebook 


Nomograph determines 
aperture time error 


by Stephen Muth 
ILC Data Device Corp., Hicksville, N.Y. 


A simple nomograph does away with the tedium of cal- 
culating the error due to aperture time for a sample- 
and-hold circuit. It can also be used to compute the con- 
version error of an analog-to-digital converter which 
has a varying de signal or a low-frequency ac signal as 
its input. 

Being a measure of the repeatability of the analog 
sampling switch characteristic, aperture time reflects the 
uncertainty of when exactly the switch opens. Errors 
due to it vary with the signal rate of change at the 
sample point. The voltage that is sampled and held can 
have an error of: 

E = (dv/dt)T 
where E is the voltage change or error, dv/dt the max- 
imum signal rate of change, and T the aperture time. 


The nomograph shown is based on this relationship, 
and assumes a full-scale input voltage swing at the fre- 
quency of interest. If the signal is less than full scale, the 
error will be smaller. When the only limit on the input 
signal rate of change is slew rate limiting, dv/dt is easily 
computed and the nomograph is not necessary. 

As an example, suppose the maximum allowable er- 
ror for aperture time is 0.5% and the upper frequency 
limit is 2.6 megahertz. Use a straight-edge to intersect 
the frequency axis on the bottom and the error axis in 
the center. Maximum permissible aperture time is read 
from the top axis—300 picoseconds. (The present limit 
for aperture time in high-accuracy—0.1% linearity— 
sample-and-hold modules is about 100 ps.) 

To find the error of an a/d converter with a conver- 
sion time of 22 microseconds and a de input varying at 
20 hertz maximum, treat conversion time as aperture 
time and signal rate variation as frequency. Use of 
straight-edge and nomograph shows the maximum er- 
ror to be 0.3%. It should be noted that the error of the 
a/d converter can be reduced by two orders of magni- 
tude by employing a sample-and-hold module to keep 
the converter’s input constant for its full 22-s conver- 
sion time. 


Computation aid. Nomograph solves equation for percent-of-full-scale error due to aperture time of sample-and-hold circuit. Error, E, can 
be written in terms of signal rate, dv/dt, and aperture time, T: E = (dv/dt)T. Using straight-edge to intersect all three axes gives the answer. 
(Signal rate is represented by frequency axis.) Conversion error of a/d convertor can also be found by using the same technique. 
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SCR reset for integrator 
provides high speed 


by Marshall W. Williams 


University of Georgia, Athens, Ga. 


A fast-switching three-gate reset circuit allows steady or 
varying de voltage to be converted into TTL-compatible 
pulses for driving counters or other data storage or data 
processing devices. The circuit, actually a digitizing in- 
tegrator, performs short-term integration on the input 
voltage. Each time an SCR conducts, the integrator sec- 
tion is reset, and a pulse output is obtained. 

Because of its fast reset action, the circuit exhibits 
good linearity and accuracy. An output pulse rate of 
10,000 counts per second injects an error of only 1%, 
which decreases to 0.001% at 10 counts per second (cor- 
responding to a 25-millivolt input to the integrator.) Er- 
ror, in this case, refers to the deviation from linearity of 
input voltage versus output frequency. 

To avoid elaborate isolation circuitry, the SCR’s cath- 
ode is connected to the integrator’s summing point, per- 
mitting the integrator to accept only negative voltages. 
Positive voltages can be accommodated by preceding 
the integrator with an inverter stage. 


The reset circuit consists of cross-coupled NAND gates 
that form an R-S flip-flop and another NAND gate, con- 
nected in a 1-microsecond-delay inverter configuration, 
that keeps the flip-flop’s Q output normally low. The in- 
tegrator output is fed through a forward-biased diode to 
the base of a transistor, allowing the transistor to turn 
on only when the integrator output reaches approxi- 
mately 1.4 volts. 

When the transistor conducts, its collector goes low, 
applying a negative-going transition to the flip-flop’s S 
input. The Q output of the flip-flop now goes high, turn- 
ing on the SCR gate and producing a negative-going 
TTL-compatible pulse at the flip-flop’s Q output. 

As the Q output goes high, a delayed positive pulse is 
fed to the inverter gate, causing its output to go to logic 
0 and resetting the flip-flop. The integrating capacitor is 
discharged to approximately 0.7 Vv (the turn-off voltage 
of the SCR) to initiate the next integration period. 

With the input resistor values shown, integrator reset 
rate may be adjusted to around 0.25 millisecond when 
-10 Vv is applied to the input; lower input voltages give 
proportionately longer integration periods. A chopper- 
type operational amplifier is indicated in the diagram, 
but almost any op amp will work if larger drift errors 
can be tolerated. 


Designer's casebook is a regular feature in Electronics. We invite readers to submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor- 
oughly the circuit's operating principle and purpose. We'll pay $50 for each item published. 


Digitizing integrator. Dc input voltage is integrated and converted into TTL-compatible pulses by reset circuit that switches SCR to dis- 
charge integrating capacitor. When integrator output turns on transistor, Q output of flip-flop (cross-coupled gates) goes high, switching on 
scr. Logic output pulse at flip-flop’s Q output is terminated when inverter gate resets flip-flop and SCR turns off. 
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MOSFET network minimizes 
audio oscillator distortion 


by Glen Coers 


Texas Instruments Incorporated, Dallas, Texas 


Because a MOSFET feedback control keeps the output 
level constant and prevents limiting, a low-distortion 
audio oscillator can deliver several volts into a 50-ohm 
load. The circuit uses a l-watt audio amplifier as both 
an oscillating element and a power amplifier, and pro- 
vides a total harmonic distortion of less than 1%. More- 
over, it operates from a single supply, and holds output 
level change below 0.2 decibels if the supply voltage 
changes by 6 volts. 

The oscillator circuit is a Wien-bridge type, in which 
resistors Ry and Re, and capacitors C; and Ce function 
as frequency determining elements. First, Ri is chosen 
between 100 ohms and | kilohm. Then C; = 7f,Ri, 
where f, is circuit resonant frequency. The values of Re 


and C2 are directly proportional to Ry and Cy, respec- 
tively: Ro = 1OR; and C2 = C,/10. 

An automatic gain control network at the negative 
feedback terminal of the audio amplifier assures a low- 
distortion sine-wave output. The MOSFET acts as a vari- 
able resistor. Its resistance is set so that the gain of the 
amplifier and the loss of the frequency determining net- 
work are equal when the desired output is reached. 

Negative half cycles of the output are rectified by a 
diode and filtered by capacitor C3. Resistor Rs provides 
a slight discharge path so that the peak level of the rec- 
tified voltage is maintained at the gate of the MOSFET, 
keeping output level constant. 

If amplifier gain increases and output amplitude also 
rises, more negative bias is applied to the MOSFET’s 
gate, increasing MOSFET resistance to reduce amplifier 
gain and output amplitude. If the amplitude decreases, 
the MOSFET becomes biased in the forward direction so 
that its resistance is lowered, and both gain and amp- 
litude are increased. 

The audio amplifier used has an open-loop gain of 70 
ds. Attenuation of the frequency determining network 
is 26 dp. 


Power audio oscillator. MOSFET acts as variable resistor to control gain of audio amplifier, which functions as both oscillating element and 
power amplifier. If output amplitude becomes larger than desired, MOSFET is back-biased, increasing its resistance and lowering amplifier 
gain. When amplitude falls below desired level, MOSFET is forward-biased to decrease its resistance and increase amplifier gain. 
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NPN TRANSISTORS 2N696 2N697 


2N698 2N699 2N706 2N706A 2N708 


2N718 2N718A 2N720 2N720A 2N744 
2N753 2N760 2N760A 2N834 2N910 


2N911 2N929 2N929A 2N930 2N930A 
2N930B 2N956 2N1613 2N1711 


2N1890 2N1893 2N1973 2N1974 


2N2102 2N2192 2N2192A 2N2192B 
2N2193 2N2193A 2N2193B 2N2194 


2N2194A 2N2194B 2N2195 2N2195A 


2N2195B 2N2217 2N2218 2N2218A 
2N2219 2N2219A 2N2220 2N2221 


2N2221A 2N2222 2N2222A 2N2222B 
2N2243 2N2243A 2N2270 2N2297 


2N2368 2N2369 TE2369 2N2369A 
TE2369A 2N2433 2N2434 2N2435 


2N2436 2N2437 2N2438 2N2439 


2N2440 2N2443 2N2483 2N2484 
TE2484 2N2484A 2N2509 2N2510 


2N2511 


2N2586 2N2865 2N2895 


2N2898 2N2899 


2N2896 2N2897 


2N3569 TE3605 2N3641 2N3642 
2N3643  2N3646 2N3691 2N3692 
2N3693  2N3694 2N3704 2N3705 
2N3706 2N3707 2N3708 2N3709 
2N3710 2N3711 TES858 TE3859 
TE3860 TE3900 TE3900A 2N3903 
2N3904 2N4123 2N4124 2N4227 
2N4274 2N4275 2N4409 2N4410 
TE4424 2N4436 2N4437 2N4944 
2N4945 2N4946 2N4966 2N4967 
2N4969 2N4969A 2N4970 2N5079 
2NS5080 2N5088 2N5089 2N5126 
2N5127 2N5128 2N5129 2N5130 
2N5131 2N5132 2N5133 2N5134 
2N5135 2N5136 2N5137 TE5249 


TES369 TE5449 TE5450 TE5451 PNP 
TRANSISTORS 2N869 2N995 2N2601 


2N2602 2N2603 2N2604 2N2605 
2N2904 2N2904A 2N2905 2N2905A 
2N2906 2N2906A 2N2907 2N2907A 
2N3638 2N3638A 2N3644 2N3645 
2N3702 2N3703 2N3905 2N3906 
2N4121 2N4122 2N4125 2N4126 
2N4248 2N4249 2N4250 2N4916 
2N4917 2N4964 2N4965 2N5086 
2N5087 2N5138 2N5139 2N5142 
2N5143 TE5447 TE5448 NPN CORE 
DRIVER TRANSISTORS 2N3015 
2N3252 2N3253 2N3444 2N3506 
2N3507 2N3554 2N3722 2N3723 
2N3724 TSA3724 2N3724A 2N3725 
TSA3725 2N3725A 2N3734 2N3735 
2N3736 2N3737 2N3830 2N3831 
2N4013. 2N4014 2N4046 2N4047 


TORS (Metal Can) 2N915 2N916 2N917 
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TANNVHD N 3r66IN J3ZEBIN 


BLLSGNZ ZLZLSNZ Q9LLSNZ 8SSSNZ 
ZSSSNZ2 SSSSNZ 98PSN2 S8P¥SNZ 
P8YSNZ 6SPSNZ 8SPSNZ ZSP¥SNZ 
B6ESNZ LG6ESNZ 9SSSNZ PvOEPNe 
GO0fPNZ ZOEPNZ SEEPNZ E2SPNZ 
V22cwNe C2ZPNZ VWIe2ZPN2 LezyNe 


VOZZPNe OZ2~N2 GELYNZ VE96ENZ 


696ENZ VB9GENZ B896ENZ VLOGENZ 
Z96ENZ OSPENZ 6SPENZ B8SPENZ 
Z4SVENZ QSPENZ SSPENZ P#SPENZ 
ESPENC Z2SPENZ BEPENZ LEPENS 
QEPVENZ OLEENZ G9EENZ B9EENS 
LQEENZ YYEENZ SYEENZ 1ZOENZ 
OLOENZ 690EN2Z S90ENZ Z90ENZ 
Q990ENZ (ASOding |218U28D) SYOLSIS 
“NV¥1 193343 G13l4a TANNVHO N 
O89ENZ PZ2PVENZ E2PENZ O86E2NZ 
646Z2NZ 8462NZ L4462NZ 9262NZ 
SL6ZNZ L62NZ €462NZ2 2L62NZ 
OZ6ZNZ GIGENZ Bi6ZNZ LI6ZNZ 
9lL6ZNZ SIG2ENZ PL6ZNZ E1L62Ne 
VEO6ZNZ EOGENZ eeclZ2NZ@ 12l2eNz 
OZL2NZ vP9ENZ EP9ENZ eSv9ZNz 
bp9ZNZ OPSZENZ GE9ZNZ OBPENZ 
VESPENE ESPENZ VETZCNe EeeeNe] 
VO90ZNZ O90ZNZ B866N2 Z66NZ 
SHOLSISNVHL 1VNG NdN GLOPNZ 
BLOMN2 ZILOMNZ SLOMNZ SLOWNZ 
LLGENZ OLBENZ GOBENZ B8OBENZ 
LOBENZ Q9OBENZ SOBENZ PvO8ENZ 
COBENZ ZOBENZ LOBENZ OOBENZ 
@SEENZ ISEENZ OSEENZ G6PYEENZ 


BYEENe LPEENZ SHOLSISNVHL 
IWNG dNd (026ZVS) Z609N2 (6162S) 
'\609NZ@ (816ZVS) O609NZ (Z16zZvS) 
6809NZ2 (916ZVS) B809NZ2 (Si6Z2vS) 
Z809NZ2 (vl6ZVvVS) 9B809N2 (EL6Z2vS) 
S809NZ SHOLSISNVH1 DIHLIMIONOW 
AWNG NdN ZL6YNZ 9LGYNZ 2ZLoNZ 
lZtyNZ (Ax0d3) SHOLSISNVHL 
di/4u dNd 6S6PNZ 8S6YNZ LS6PNZ 
60ZPNZ B80ZPNZ SEOPNZ vEOrPNZ 
GOZENZ ZLOENS PEBZNZ (URED [BIOeW) 


SHOLSISNVHL 4I/4H dNd Of1SNZ 
4Z1GN2 9ZISNZ LEPyNZ QEPHNZ 
O69ENZ G689ENZ BB89ENE Ee99ESL 
e99€41 EPIENZ ePY9ENZ IPOENZ 
VOSENZ E9SENZ 816351 (AxOd3) 


145239" 1N5240 ad 4ns24az 
1N5243 1N5244 1N5245  1N5246 
1N5247 1N5248 1N5249 1N5250 
1N5251 1N5252 1N5253 1N5254 
1N5255 1N5256 1N5257 1N5258 
1N5259 1N5260 1N5261 1N5262 
1N5263 1N5264 1N5265 1N5266 
1N5267 1N5268 1N5269 1N5270 
1N5271 1N5272 1N5273° 1N5274 
1N5275 1N5276 1N5277_ 1N5278 
1N5279 1N5280 1N5281 1N5518 
1N5519 1N5520 1N5521 1N5522 
1N5523 1N5524 1N5525 1N5526 
1N5527 1N5528 1N5529 1N5530 
1N5531 1N5532 1N5533 1N5534 
1N5535 1N5536 1N5537 1N5538 
1N5539 1N5540 1N5541 1N5542 
1N5543  1N5544 1N5545 1N5546 
TD3907562 TD3907572 TD3907582 
TD3907592 TD3909622 1D3909632 
TD3909642 TD3909652 TD3909662 
TD3909672 TD3909682 TD3909692 
103909702 TD3909712 TD3909722 
103909732 1D3214738 1D3214739 
703214740 1TD3214741 103214742 
703214743 1D3214744 103214745 
TD3214746 103214747 1D3214748 
TD3214749 1TD3214750 1D3214751 

703214752 LOW VOLTAGE DOUBLE 


ANODE REGULATORS 1N471 1N472 
1N473 1N474 1N475 STABISTORS 
1N816 1N912 1N912A 1N913 1N913A 


1N3575 


1N3576 


1N3577 


1N3578 


1N3579 1N4092 1N4093 VARACTOR 


DIODES 


1N5139 


1N5139A 


1N5140 


1N5140A 1N5141 1N5141A 1N5142 
1N5142A 1N5143 1N5143A 1N5144 
1N5144A 1N5145 1N5145A 1N5146 
1N5146A 1N5147 1N5147A 1N5148 
1N5148A VOLTAGE REFERENCE DI- 
ODES 1N821 1N821A 1N823 1N823A 
1N825 1N825A 1N827 1N827A 1N829 


1N829A 
1N3499 
1N3503 
1N4890 
1N4892 
1N4894 
1N4565 
1N4567 
1N4569 
1N4571 

1N4573 
1N4575 
1N4577 
1N4579 
1N4581 

1N4583 
1N3779 
1N3783 


1N3496 
1N3500 
1N3503A 
1N4890A 
1N4892A 
1N4894A4 
1N4565A 
1N4567A 
1N4569A 
IN4571A 
1N4573A 
1N4575A 
1N4577A 
1N4579A 
IN4581A 
1N4583A 
1N3780 
1N3784 


1N3497 
1N3501 
1N3504 
1N4891 
1N4893 
1N4895 
1N4566 
1N4568 
1N4570 
1N4572 
1N4574 
1N4576 
1N4578 
1N4580 
1N4582 
1N4584 

1N3781 
1N3553 


1N3498 

1N3502 
1N3504A 
1N4891A 
1N4893A 
1N4895A 
1N4566A 
1N4568A 
1N4570A 
1N4572A 
IN4574A 
IN4576A 
1N4578A 
1N4580A 
1N4582A 
1N4584A 


IN935A 1N935B 


1N935 
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8Z2N1t ZECNi 9ZEN1I SZZN1t SHYOLVT 
-ND3AY JOVLIOA 2ZZN I 1ZZN1 OZZNE 
6IZNL BLZNL ZLENL QLENL SLONE 
VIENL ELSNL SLENL LLENL OLZNE 
6O0ZNt 80ZNi ZOZNL 90ZNI SOZNI 
vOZN| EOZNL ZOZNI LOZNt OOZNE 
VBEINL YVZEINE S3i1SWaAaSSYV 
ANSNOdWOD O0Z6IVD 66161VO 
S866VD PB66VD 986SVD sSB6SVD 


4666VD e866VD O/68VD SAVY 
“HV 3GOIG VS8O0rNIL S80FNL 
VvSOPN| PBOPN! VEBOPNI C8OPNL 
VZ8OPN! Z8OPNI VISOPNI L8OPNI 
VO80PN| O80~N! V6ZOPNI 6LOPNL 
V8ZOVN| SZOPNL VZZOPNI ZZOPNL 
V9OLOPN| SLOMNI VSZOPNI SZOPNI 
VeLOPNL PLOPNI VELOPNI ELOPNI 
VZLOMNI ZLOPNIL WILZOPNL LZOPNE 
VOLOPN!| OZOMN! V690FNI 690%N1 
VevLINl ZPLINL V890PNI 890%Nt 
ViPLINt LeZINI VZ90P~NL L9OPNE 
VOLZENt OLZZN1t VOPLINI OPZENE 
V9S0PN| S90PNt V69LZN1 69Z2NL 
VSSOPNI SSOPMNI V6EZINI GEZLINE 
VPSOMN| POOPN! VB9Z2NI B9Z2NL 
VESOPNI E9OPNI VBEZLINI BELINE 
VZ90PNI Z90PN!I VISOPNI L9SOPNE 
VZEZINI ZEZLNL VOSOPNI O9SOPNI 
V6SOPN| 6SOPN!| V8SOPNI 8SOPNL 
V99ZZNI 99ZZ2N!t VLSOPNI ZSOPNL 
V9EZINL GEZLINLE ZOZENL LOZENL 
OOZEN! 66LEN!L VOESINI OE€SINI 
GOfPNL VOEPNI Of€PNI LOSPNIL 
WSOLENL S9OLZNi SELINL 62PNI 
VSI6PNL SLGPNL VPLGPNL PL6PNL 
VELGPNI ELGPNL VZIGPNI ZL6PNL 
VLIGPNE LEGYNL VOL6PNI OL6PNL 
V606YN1 6O6YNI VBO6PNI 8O6PNI 
VLOGPNL ZOGPN| V9O6PNI 9SO6PNIL 
VSO6YN| SOGYN| VPOGPNI vO6PNI 
VEO6GPNI EO6PYN| VZO6PNI ZO6PNIL 
VLOGPNL LOGYNI VYOO6PN! OO6PNL 
V668YNI 668PNI VS68PN!i B68PNL 
VL68PNI 468—~Ni V9O68PNi 968PNL 
B9PV6GNI V9OPENI SP6NI GSP6NL 
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SEPEN| VEPENL GZPENL VZPENI 
ev6Nt GIP6NE VIPENL LP6NL 
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VIZZONE LLZPNL VOLZPNL OZLZPNE 
V69ZPNI 69Z~NI V89ZPNI 89/4PN1L 
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SH3IsIIdWY IWNOILVHSd0 LNdNI 
134 GINGAH 3GSric 4G lvl2 3a6e12 


iy ae Ferspeser: 
LM307D LINEAR VOLTAGE REGULA- 
TORS 723B 723C 823A 823B LM104 
LM105 LM204 LM205 LM304 LM305 
COMPARATORS 710711 LOW POWER 
TTL 525 526 527 528 529 LOW POWER 
DTL 6007 6040 6041 6042 6044 6046 
6047 54L LOW POWER TTL TS54L00 
TS54L04 TS54L10 TS54L20 TS54L30 
TS54L51 TS54L54 TS54L55 TS54L71 
TS54L72 TS54L73 TS54L74 TS54L78 
TS54L85 TS65L86 TS54L91 TS54L93 
TS54L95 TS54L98 TS54L99 HIGH 
NOISE IMMUNITY LOGIC 301 302311 
312 303 322 323 324 321 325 326 331 
332 333 334 325 341 342 343 361 
363 371 372 380 362 381 382 RTL 
101 111 114 115 116 117 119 121 
122 123 124 126 131 134 141 142 
151 161 171 172 181 HYBRID HIGH 
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ZELPNL LELPNL O€LPNE 

BcLONL ZZLPNL Q2LPNL 

vELYNE EIYNE SELPNL 

OZtPNL GLLPNL SLLPNE 

QLLPNE SLLONL PLLONE 

CLLPNE LLIPNL OLLPNE 

BOLPNL ZOLPNL SOLPNE 

vOLYNL SOLPNE ZOLPNL 
LOLyYNL OOLPNE 660PNL pZieaL 
eLleqL e4leqdi tftegi é69ledqL 
B9lEGL PvESENL EESEN| ZESENE 
LESENL O€SENL GZSENL 82SENI 
4Z2SENL QZSENL SZSENIL PvzZSENL 
EZSENL 22SENL t2SENL OZSENE 
6ISENL SISENL ZIGENL QISENL 
SISENL PIGENL ELSENL Z2ILSENL 
LESENL OLSENL GOSENE 80SENI 
ZOSENL QOSENL VZ66NL VI66NI 
VO66Nt V686NIt V8S86NI VZ86NI 
VOB86N-L VS86NI VP86N-L VEB8ENI 
V2S6NL VIS6NI VOS6NI V6Z6NIL 
V8Z6N-L VZZ6NIt V9Z6NI VSZ6NI 
VPLENIt VELENL VeZ46NL VIZ6ENI 
VOL6NLt V696NIt V896NI VZ96NI 
V996Nt VS96NI VPSENI VESENI 
VZ96Nt VWIOGNL VOS6NI| V6S6NI 
V8SE6NL VZS6NIL cZEPNI LZEPNt 


OLZEPNI GSZNI BSZNI ZSZNI 9SZNIL 
SGANL PSZNI ESANI 2SZNIi ISZNL 
OSZNI 6PLNI SPLNI Z#ZANIL SPLNI 
EELNt ZELNIE LELNE OFAN G2LNIL 
B2LNI LZeZLNi S2ZLNI SZLNI POLNE 
©cLNt 22ZNt t2ZNb OZLNI GLZNE 
SLZNt LEZNE GLANE SEZNE PLZNE 
ELANL ZELNE LLANE OLZANE 6GOZNE 
SOZNt ZOZNI SOLNI SOZLNI POLNE 
SOLNt 2O4N} S3GO010 HOivVIND3ay 


BOVLIOA GIESGNL BIESGNI ZLESNL 
GLESNL SLESNL SESPNIL YvEPSNI 
SESPNL CEPSNL LESPNL IPSN 
ELPSNL CLHSNL 282SNIL BO09PNI 
vOBYNL E9BYNL 828PNL CSEPNL 
42ZyNt LOSPNL SPPNL LSPPNE 
OSPYN| 6YPPNL SYPPNL ZP>PPNE 
SPPPNL vrPyNL SOEPNL PSIPNE 
EStLPNL CSLPNL LSLPNIL OSIYNE 
6vlLyNL ShlyYNL GIZSNIL OS6HNI 
OLOPNL OOSPNi E9EPNIL ccePyNt 
LLEPNL OLEPNE GOEPNIL BOEPNI 
ZvlyNt 6O00PNL PS6ENL EZBENI 
cL8ENL LEZENL YvSSENL ESSENL 
SOS9EN-L SOSENL ¥vO9ENIL E09ENI 
ZOSENL LOGENL OOSENL 86SENI 
Z6SENL SESENL S6SENL PveLENL 
EZlLENL LZOENL OZLOENL G690ENI 
S90ENL ZIOENL Q90ENL SSOENL 
PSOENL E90ENt Z9OENIt E66NE 
GOSIGNt WSIENL SIGNI SPrLENIL 


VPLENI PLGNIVSO6N1 806Ni VZO6NE 
ZO6N1i V906N1 906N 1 VSO6GN I SO6NL 
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ail.  temtediice. + tien ripen) 4 ieee 
TORS (High Voithge) 2g4681 RN488m 
2N4883 2N4884 2N4885 4886 
2N5277 2NS5278 2N5543  2N5544 
U1715 N CHANNEL FIELD EFFECT 
TRANSISTORS (Low Noise) 2N5391 
2N5392 2N5393 2N5394 2N5395 
2N5396 2N5556 2N5557 2N5558 
N CHANNEL FIELD EFFECTTRANSIS- 
TORS (Low Leakage) 2N5647 2N5648 
2N5649 U1714 P CHANNEL FIELD 
EFFECT TRANSISTORS (General Pur- 
pose) 2N2498 2N2499 2N2606 2N2607 
2N2608 2N2609 2N2841 2N2842 
2N2843 2N3329 2N3330 2N3331 
2N3376 2N3380 2N3382 2N5020 
2N5021 2N5033 P1027 P1028 P1029 
P CHANNEL FIELD EFFECT TRAN- 
SISTORS (Low Ron) 2N5018 2N5019 
P1086E P1087E N CHANNEL FIELD 
EFFECT DUAL TRANSISTORS 
(Matched Pair)2N3921 2N3922 2N3934 
2N3935 2N3954 2N3955 2N3956 
2N3957 2N3958 2N4082 2N4083 
2N4084 2N4085 SU2078 SU2079 
SU2080 SU2081 SU2098 SU2099 
SU2098A SU2098B SU2099A 2N5045 
2N5046 2N5047 2N5196 2N5197 
2N5198 2N5199 2N5515 2N5516 
2N5517 2N5518 2N5519 2N5520 
2N5521 2N5522 2N5523 2N5524 
2N5545  2N5546 2N5547 _2N5561 
2N5562 2N5563 N CHANNEL FIELD 
EFFECT TRANSISTORS (Matched Pair) 
2N5564 2N5565 2N5566 TD3934A 
TD3935A TD4082A TD4083A TD5902 
TD5902A TD5903 TD5903A TDS5904 
TD5904A TD5905 TD5905A TDS906 
TD5906A TD5907 TD5907A TDS5908 
TD5908A TD5909 TD5909A TD5911 
TD5912 SU2410 SU2411 SU2412 N 
CHANNEL FIELD EFFECT DUAL 
TRANSISTORS (Monolithic Pairs) 
SU2365 SU2365A SU2366 SU2366A 
$U2367 SU2367A SU2368 SU2368A 
N CHANNEL FIELD EFFECT CUR- 
RENT REGULATORS TCR5275 
TCR5276 TCR5277 TCR5278 TCRS279 
TCR5280 TCR5281 TCR5282 TCR5283 
TCR5284 TCR5285 TCR5286 TCR5287 
TCR5288 TCR5289 TCR5290 TCR5291 
TCR5292 TCR5293 TCR5294 TCR5295 
TCR5296 TCR5297 TCR5298 TCR5299, 
TCR5300 TCR5301 TCR5302 TCR5303 
TCR5304 TCRS5305 TCR5306 TCR5307 
TCR5308 TCRS5309 TCR5310 TCRS5311 
TCR5312TCR5313 TCR5314 TCR5315 
GENERAL PURPOSE DIODES 1N456 
1N457 1N458 1N459 1N461 1N462 
1N463 1N464 TD13333 1D13334 
1N482 


7013336 1TD13338 TD13339 
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re nervous resistors 
iving your products - 
the jitters? 


Stabilize with Metal Glaze™ 

Stability. The magic word in electronic compo- 
nents. Andin resistors, the word for stability is Metal 
Glaze. And the word is out, because millions are 
already in field use. 

Metal Glaze, noted for its mechanical and electri- 
cal ruggedness, is also an extremely stable resistive 
system.Operated at rated power, and in many cases 
at twice rated power, Metal Glaze resistors go coolly 
along, resisting change for thousands of hours. They 
are truly precision resistors, and we have reams of 
test printouts to prove our case. 


The glass-hard Metal Glaze film is permanently 


Circle 88 on reader service card 


fused to a solid ceramic core. The lead wire termina- 
tions are soldered to the core in a patented process. 
This makes the resistive element and the termina- 
tions one continuous component ready for molding 
in an environmentally protective envelope. 

Competitively priced in power ratings from 1/8 
watt to 2 watts, Metal Glaze resistors are available 
to1% tolerance, and 100 ppm temperature coefficient. 
TRW Metal Glaze resistors are available in quan- 
tity from your local TRW industrial distributor. 
Please contact TRW Electronic Components, IRC 
Boone Division, Boone, North Carolina 28607. 


Phone (704) 264-8861. 


IRC RESISTORS 
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Another self-aligning MOS process 
has interconnecting advantages: 


Self-aligned thick-oxide process cuts the gate-to-drain capacitance 
of MOS transistors, using standard MOS masks; unlike other self-aligning 
methods, it easily produces devices with three interconnection levels 


by Robert H. Wakefield Jr., Edmond R. Ward, and James A. Cunningham, Texas Instruments Incorporated, Dallas, Texas 


The high packing densities of MOs circuits may have 
made LSI practical today, but their low switching speed 
is still a big hang-up. The limiting factor is the capaci- 
tance between the gate and drain in the MOS transistor. 
This capacitance can be reduced by self-aligned gate 
structures, like the silicon gate or the ion-implanted 
source and drain. 

A new, more versatile and reliable approach to self- 
aligned gates called SATO (self-aligned thick-oxide) is 
amenable to many of the same processing steps as stan- 
dard MOs devices. It allows two or three levels of inter- 
connections on the chip. It offers a wide choice of mate- 
rials for the gate insulator and the gate electrode. And it 
can be processed with many of the same masks used for 
standard MOS circuits, permitting easy conversion for 
significant increases in speed. 


Means to self-alignment 


In those standard MOs circuits, the gate typically 
overlaps the drain by about 5 micrometers, and, be- 
cause of mask misalignments during processing, can of- 
ten overlap by as much as 10 pm. Although 5 or 10 ym 
is not very much, the thin gate oxide in the overlap area 
produces enough capacitance between the gate elec- 
trode and the drain region to limit the rate at which 
charge can build up on the gate electrode and turn on 
the transistor. Although the capacitance can be reduced 
with precision masking and alignment procedures, the 
resulting yields can drop drastically, either because the 
gate metal doesn’t fully cover the thin gate oxide or the 
gate oxide itself doesn’t meet both source and drain dif- 
fusions. In either case, the low-resistance channel under 
the gate won’t connect the diffusions. The trend has 
therefore been toward self-aligned gate structures, 
where alignment is an inherent part of the process. 

Perhaps easiest to understand, for example, is the 
ion-implantation method, where the gate metal is ap- 
plied first and then ions are implanted into the semicon- 
ductor to form the source and drain regions. Since the 
ions do not penetrate the gate metal, the edges of the 
gate turn out to be almost perfectly aligned with the 
edges of the source and drain regions. However, ion-im- 
plantation, as well as the other self-aligned gate ap- 
proaches, presents more difficulties than SATO. 


SATO, which produces a typical gate-drain overlap of 


only 1.25 wm, starts with a deposition of silicon nitride 
over the wafer: then windows are etched out for diffu- 
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sion of source and drain regions (see Fig. 1). The silicon 
nitride that lies between the sources and drains— the 
areas where the gate oxides will later be placed—is next 
protected with photoresist, and all remaining silicon nit- 
ride is removed. The thick field oxidation then is carried 
out while the silicon nitride is still in place in the gate 
region. When the silicon nitride is removed, the thin 
gate oxide is grown, and then contact openings are 
made, and the gate metal, source, and drain contacts as 
well as interconnects are applied. Since the silicon ni- 
tride served as the mask for source and drain diffusions, 
and is later replaced with a thin gate oxide, self-align- 
ment of gate and source is automatic. A photograph of 
a typical device is shown in Fig. 2. 


Material benefits 


The use of silicon nitride as a mask has several ad- 
vantages. Since it is a dense material, only a thin layer 
need be used—1,000 angstroms is enough. As a result, 
source-to-drain spacing, diffusion line widths, and tran- 
sistor widths can be controlled more closely. 

The step from the gate oxide up to the thick field 
oxide, which covers the rest of the wafer, is only half the 
field oxide thickness (since growing the field oxide con- 
sumes about 5,000 angstroms of silicon), and the 
smooth taper means that metal and photoresist can 
cross the step without any danger of thinning, a com- 
mon failure mode of many MOS devices. 

Another point in favor of SATO is that no high-tem- 
perature processing is required after formation of the 
gate oxide. All subsequent steps are identical to those 
used for conventional p-channel MOs. The gate oxide 
may be thermally grown SiO», or any combination of 
thermal oxide and deposited insulation materials. Phos- 
phorus-stabilized SiO» insulators also can be used to re- 
duce pinholes and improve threshold voltage stability 
(the phosphorus performs a gettering action for alkali 
ion contamination). 

In contrast, the silicon-gate method shown in Fig. 
3(a) may not use phosphorus stabilization of the thin 
gate oxide because the gate oxide and the polycrystal- 
line silicon gates are formed before the high-tempera- 
ture diffusion of source and drain regions. If the gate 
oxide were treated with phosphorus first, the phos- 
phorus might diffuse into the underlying silicon during 
the high-temperature process and cause shifts in 
threshold voltage. And lowering the diffusion tempera- 
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1. SATO steps. The self-aligned thick-oxide process begins with windows etched in silicon nitride for source and drain diffusion. Next, all 
silicon nitride except that covering the gate area is removed, and the thick field oxide is grown, consuming silicon and reducing height of the 
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step up. The silicon nitride then is removed, and the gate oxide is grown, with edges that align with the source and drain regions. 
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2. Mask mates. Two 1,024-bit RAMs made with the same set of 
photomasks allow comparison of SATO (a) with conventional pro- 
cessing (b). In the SATO version, the self-aligned gates are visible, 
while the lack of definition of the lines indicates a flatter surface. 


tures would probably produce source and drain regions 
that are too shallow. Finally, since gate insulator edges 
are exposed to the high temperature, contaminants can 
more readily diffuse into the gate insulation. 

Of course, it should be acknowledged that silicon 
gates produce lower-threshold p-channel devices be- 
cause of the work-function advantage of the polycrys- 
talline silicon used for the gate. However, silicon gates 
can also be used with SATO. Also, although phosphorus 
stabilization of the gate oxide may be impractical, the 
polysilicon can be covered with phosphorus glass to 
eliminate pinholes in the insulation between it and the 
metal interconnections on the next level. 


Narrow control 


Dimensional control of devices also appears better 
with SATO than with the silicon gate. In silicon gate, the 
first etching step to define transistor widths is performed 
with oxides that are | to 1.5 micrometers thick, an order 
of magnitude thicker than the corresponding layer of 
silicon nitride in the SATO process. The photoresist often 
fractures round the relatively high 1.5-m step. Besides, 
since the transistors may be only 5 zm wide, it’s hard to 
control this dimension when etching through an oxide 
that, at 1.5 wm, is nearly a third as deep. 

High temperatures can be a problem also with the ion 
implantation method, in which aluminum gates are 
commonly used. The temperature needed to activate 
the implanted boron is close to the silicon-aluminum 
eutectic (577° C) and, if held at this level for too long, 
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RMOS for sale 


Another approach to self-aligned gates, the molybde- 
num gate, or RMOS (refractory metal-oxide semicon- 
ductor), was being developed at General Electric 
Co.'s integrated circuits product department, Syr- 
acuse, N.Y. [Electronics, April 12, p. 68]. In this ap- 
proach, the gate metal acts as the mask during diffu- 
sion from a boron-doped oxide of the source and drain 
regions. (The deposited doped oxide is needed be- 
cause unprotected molybdenum oxidizes at tempera- 
tures of standard liquid source diffusions, which are 
commonly used with silicon gate devices.) 

However, GE recently decided to shut down its ic de- 
partment, and the molybdenum gate’s future is uncer- 
tain. D. J. Harrington, former marketing manager of 
the Ge department, reports, ‘‘RMOS does provide 
higher-performance Mos circuits for equivalent 
geometries than silicon gate. This was largely due to 
the higher-conductivity first-level metal and higher 
gain for an equivalent gate voltage. General Electric 
had solved most of its manufacturing difficulties with 
the technology, and had seen profitable yields. The 
process in its present form, and masks for all RMOS Cir- 
cuits, are available for purchase.”’ 
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3. Self-aligners. Three basic MOS structures, the silicon gate (a), 
the ion-implanted source and drain (b), and SATO (c), all achieve 
self-alignment of the gates, but SATO offers additional advantages in 
flexibility of interconnections and in choices of metals. 


will cause the aluminum to penetrate the gate insulation 
and create a short circuit between gate and _ silicon 
substrate. Other problems may arise because of the 
sharp radius of curvature of the implanted pn junctions 
near the aluminum gate electrode. This would reduce 
the breakdown voltages in this area. In addition, since 
no lateral diffusion takes place during or after implanta- 
tion, the pn junction near the SiQ»-Si interface is in a 
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4. Easier etching. In the TMS 3003 dual 100-bit shift register, the 
conventional version (b) shows the difficulty of controlling the gate 
dimensions when etching through the thick field oxide, a problem 
that’s eliminated with the use of silicon nitride as a mask in SATO (a). 


region of high dislocation density and may have differ- 
ent characteristics from a classical planar type junction. 
(Note that the ion-implantation method used to form 
self-aligned gates is unrelated to the use of implanted 
ions in the channel to lower thresholds; the latter 
method can also be used with SATO, in fact). 

There are also differences in the levels of inter- 
connection possible with the various processes. Count- 
ing the p-type diffused regions as one level of inter- 
connection, the ion-implantation method provides only 
two levels while the silicon-gate method provides a re- 
stricted three levels. SATO, however, can give a full 
three-level system. 

In SATO, the choice of metal is unrelated to the for- 
mation of the self-aligned gates. Thus, for example, 
aluminum can be used for single-level systems such as 
large high-speed ROMs, but for multilevel circuits, sili- 
con can be used as a first level followed by aluminum. 
The silicon can be doped as it is deposited to avoid a 
high temperature diffusion (silicon sheet resistivities of 
50 ohms/square can easily be obtained). The gate di- 
electric will remain free of heavy boron concentration 
that may affect stability, and still can be phosphorus- 
stabilized before silicon deposition. The silicon can cross 
over diffusions, and aluminum can cross over both sili- 
con and diffusions. 

In the silicon-gate process, however, silicon may not 
cross over diffusions, since it is doped at the same time 
as the diffusion fegions—that’s why many engineers re- 
fer to the silicon-gate method as offering two and a half 
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5. Less oxide. In the SATO version (a) of a 2,048-bit ROM, the re- 
duction in area of the thin oxide is evident in comparison with a con- 
ventional circuit (b) made with the same photomasks. The alignment 
of the thin oxide edges with source and drain stripes is also plain. 


levels of interconnections. However, an extra diffusion 
step for the silicon interconnector can be added to pro- 
vide full three-level capability, and the silicon can even 
be used to contact the diffused regions. But that in- 
volves extra processing steps. 


SATO versus standard MOS 


SATO offers the opportunity for a direct comparison 
with conventional MOS circuits, since in many cases it 
can use the same set of photomasks. The photomicro- 
graphs show several advantages of SATO. In the 1,024- 
bit RAM shown in Fig. 2, for example, the flatness of the 
SATO device surface and the self-aligning gates are vis- 
ible. From Fig. 4, which shows a dual 1,000-bit shift 
register, the difficulty of controlling active gate dimen- 
sions while etching through thick field oxide can be ap- 
preciated. In Fig. 5, a 2,048-bit ROM, the significant re- 
duction in thin oxide area is evident. 

In the future, it’s expected that the SATO process will 
see most usage in high-speed circuits where packing 
density is of primary concern, such as 1-kilobit dynamic 
shift registers, random-access memories, and complex 
calculator circuitry. For example, the TMs 3412, 13, and 
14 are dynamic shift registers (quad 256, dual 512, and 
single 1,024 bits, respectively) that use deposited silicon 
as the first level interconnect. These devices have 5-MHz 
operating speeds, and are directly compatible with TTL 
at both input and output. Capacitance of the clock line 
is only 70 pF, which allows the user to drive a large 
number of units with inexpensive clock devices. O 
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Dit-Mcos 
Gone Computer! 


A New Series Of 
Computer-Controlled 
Circuit Test Systems-- 


Tomorrows 
Technology 
Today! 


What's happening in circuit testing 
has already happened at Dit-Mco 
— computer control. 

We've developed, tested, and built 
basic computer-controlled circuit 
analyzer test systems that can be 
adapted to your testing needs, 
whatever they may be. 


In fact, several versions of Dit-Mco 
Systems already are delivered and 
on-line. 

Computer, control system, ana- 
lyzer, instrumentation, your choice 
of several different types of switch- 
ing, and interface to your products 
— Dit-Mco provides them all. 

And to drive all this fancy hard- 
ware we have the most complete 
software package in the industry, 
including anew computer program 
that allows you to generate test 
programs from available wiring 
information. 

We can even convert tape-con- 
trolled Dit-Mco equipment now in 
the field to computer-control— 
quickly, easily, inexpensively. 
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For complete information about 
what’s new in computer-controlled 
test systems at Dit-Mco, drop us a 
line or give us a call. 


DIT <+ MICO 


DIT-MCO INTERNATIONAL 
5612 Brighton Terrace 

Kansas City, Missouri 64130 
Phone (816) 363-6288 


A Division of Xebec Corporation 


Dit-Mco: The Difference In Testing! 


Circle 170 on reader service card 


The Big Sweep 
100 kHz-18 GHz. 


It’s a whole new adjustable overa140dB range for applications 
generation of solid requiring sweeper and signal-generator-like perform- 
state sweep oscil- ance. Microwave plug-ins are pin-leveled, internally 
lators from Singer. or externally, all the way up to 18 GHz. And with a 20 
The 6600 Sweep’ dB power control range. But there is much more 
Oscillator with its than exceptional performance to the 6600. 
wide selection of The uncluttered front panel with its lighted, push- 
plug-ins covers the button controls, makes operation self-evident and 
100 kHz to 18 GHz_confusion-free. With four sweep modes, full band, 
range. Below1000 marker, AF, and manual—each with frequency 
MHz, you have as" markers—the 6600 sets a new standard for ease and 
many as three units _ flexibility of operation. 
from which to choose the one best suited to your Take a little time to find out more about the big 
application. One model includes a power-set meter sweep. Write for complete data bulletin now. 
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Solid State Sweep Oscillator Model 6600 
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The Singer Company, Palo Alto Operation * 3176 Porter Drive, Palo Alto, Calif. 94304 » Telephone (415) 493-3231. 
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Probing the news 


Analysis of technology and business developments 


Ringing in the New Year 
-with guarded optimism 


Foreign competition and Government policies worry industry 


leaders, although gains in economic health raise spirits 


The view of the electronics indus- 
try’s future from the top echelons of 
various companies is one of deep 
concern, yet cautious optimism. In 
interviews with board chairmen, 
presidents, and general managers, 
three major problems emerged: an 
inability to compete with Japan on 
an equal footing; loss of momentum 
of the country’s technological lead- 
ership; and doubt about the effec- 
tiveness of the Nixon Adminis- 
tration’s economic game plan, 
especially Phase 2. 

On the plus side, conditions seem 
ripe for recovery—perhaps slow at 
first, but building to a substantial 
pace by the second half. As John 
Buchholz, group executive for Am- 
phenol Components Group, Oak- 
brook, IIl., observes: “By the second 
half well be running to catch up, 
which is a pleasant predicament 
compared to the last two years.” 

Buchholz, who describes himself 
as having “cautious, positive, opti- 
mism,” says, “When you come out 
of a dip, as our industry has, the 
tendency is to shy away from great 
optimism. But believe me, the in- 
dustry is in a lot better condition to- 
day than any of us cares to admit.” 

And under the surface there 
seems to be a sense of enthusiasm 
about the year ahead among elec- 
tronics managers. Buchholz sees in- 
creases in R&D spending by 5% to 
10% and increases in technical per- 
sonnel hiring by 10%. In some cases, 
the problems concern how to handle 
expanded production and sales. 

However, silver linings often 
come with black clouds. Even the 
most forceful executives find some 
of the current problems too potent 
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to alter. For example, foreign com- 
petition is too big for any company 
to tackle singlehandedly. 

And these days the phrase ‘for- 
eign competition” means the Japa- 
nese and their penetration—some- 
times domination—of this country’s 
electronics markets. Though primar- 
ily aimed at consumer and commer- 
cial products, the impact has been 
felt by components manufacturers 
whose OEM customers are being 
hurt or are shifting production off- 
shore. Compounding the frustration 
is the feeling that the Japanese can 
compete in the U.S. but that Ameri- 
can competition in Japan is re- 
stricted. 

Equality now. One of the most 
outspoken advocates of changing 
national trade policies and proce- 
dures to equalize the ground rules is 
Joseph S. Wright, chairman of the 
board of Zenith Radio Corp., Chi- 
cago. A lawyer, Wright resents 
being called a protectionist, but is 
adamant about what he feels is sys- 
tematic discrimination by foreign 
countries against American elec- 
tronics. 

The reasons for concern are easily 
understood by the industry, says 
Wright, but only recently—since the 
bombshell of Phase 1 exploded—has 
foreign competition clearly been a 
matter for top-level attention, and 
this is at least the beginning of a 
good situation. 

“When we talk about doing some- 
thing about unemployment, we 
mean creating jobs. Yet the con- 
sumer industry has seen 120,000 lost 
jobs in four to five years as produc- 
tion has gone to the Orient and 
Mexico. So the Government has a 
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Fair play. ‘‘The government has a stake in 
changing our trade policies to help create 
more jobs.'’—Joseph S. Wright, chairman of 
the board, Zenith Radio Corp. 


stake in changing our trade rules, 
not to create walls or quotas, but to 
allow us to compete fairly.” 

The Zenith executive also fears 
that engineers will follow produc- 
tion abroad. “I don’t know how we 
can continue to do engineering here 
and production offshore. I would 
prefer not to do so, but if production 
continues to move overseas, engi- 
neering jobs will follow. I don’t see 
any way it can be avoided, partic- 
ularly when you compare Japanese 
and American salaries for engi- 
neers.” 

Should we join the club? Equal 
ground rules in foreign competition 
have also been demanded by com- 
ponents manufacturers, even in the 
high technology semiconductor 
business. “One thing of concern to 
us today is the artificial trade bar- 
riers that prevent the free flow of 
U.S. goods into Common Market 
nations and Japan,” says C. Lester 
Hogan, president and chief execu- 
tive officer of Fairchild Camera & 
Instrument Co., Mountain View, 
Calif. “In Japan, it’s ‘Japan Incorpo- 
rated’—the government and indus- 
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try control business with outsiders.” 

Because there appears to be little 
hope for a change in this setup, and 
the Japanese will begin making 
their own advanced semiconductors, 
such as MOS/LSI for calculators, Ho- 
gan has now embarked on a plan to 
establish a 50-50 joint venture in Ja- 
pan in order to “get into the club,” 
that is, to sell to Japanese manufac- 
turers more easily. 

But Robert A. Farrall, president 
of Clairex Corp., Mount Vernon, 
N.Y., decries the flight of electronics 
production offshore. “If the only 
way to compete with the Japanese is 
to build a plant in Japan, you’re not 
competing, you’re joining them,” he 
charges. “It may help stockholders, 
but the jobs go to Japanese—not 
U.S. workers. If the only thing left 
here is marketing, that’s fine, if 
you're a salesman, but it doesn’t 
solve the problem.” 

Farrall, a physicist who turned 
engineer before entering manage- 
ment, also worries about jobs for en- 
gineers. He points out that when 
Clairex, a phototransistor and elec- 
tronic assembly firm, set up_ its 
Puerto Rican production facilities, 
the tax incentive arrangement re- 
quired that the company retain its 
original production plant in Mount 
Vernon. “Maybe the Government 
should put the same requirement on 
plants going up in the Orient and 
Mexico. That way, at least, we hold 
on to the engineering jobs in this 
country. Irrespective of the economy 
in 1972—which is bound to be 
good—these are problems that won’t 
get solved easily, because with Japa- 
nese products, the designs are good, 
the quality is good, and the prices 
are right. That doesn’t leave much 
ground to compete on.” 

Government’s partners. Charles E. 
Sporck, the young president of Na- 
tional Semiconductor Corp., Santa 
Clara, Calif., sees the Japanese com- 
petition as a reflection of U.S. trade 
policy. “What it really comes down 
to,” says Sporck, “is that our Gov- 
ernment permits the Japanese to op- 
erate in a different mode here than 
we are allowed to operate in there. 
Trade barriers, high import duties, 
and a myriad of other things are 
being applied by the Japanese to re- 


96 


strict our business there—it’s an 
active partnership between the 
Japanese companies and the gov- 
ernment—whereas here it’s more 
like active opposition.” 

He is not angry at the Japanese— 
“T would do the same thing given a 
chance”’—but he is angry at the U.S. 
Government. “Washington has to 
start paying attention to the impor- 
tant industries like electronics, and 
it must support development in the 
U.S. the way the Japanese govern- 
ment does. Development in the U.S. 
is coming to a screeching halt.” 

When R&D is cut. Neal W. 
Welsh, the chairman of the board 
for Sprague Electronic Co., North 
Adams, Mass., emphasizes two lev- 
els between trade and R&D. “I don’t 
think the public realizes either its 
stake in the electronics industries or 
the degree to which it has been hurt 
by competition from abroad. Con- 
sequently, people are relatively pas- 
sive when Congress cuts R&D fund- 
ing or fails to protect domestic 
markets against competition, espe- 
cially from Japan.” 

“Goods from overseas account for 
about 92% of all radios sold in the 
U.S., exclusive of auto radios, and 
64% of all capacitors, if one includes 
those used in goods shipped in from 
abroad. At the end of 1970, 37% of 
all television sets sold here had been 
made overseas, and if one limits this 
to black-and-white sets, the propor- 
tion is much higher,” Welsh points 
out. He contrasts this with shoes and 
woolens. “Only 21% to 22% of wool- 
ens sold here came from overseas 
last year, and only about 29% of the 
shoes; yet both these industries can 
claim a degree of tariff protection 
that electronics industries cannot.” 

Moses Shapiro, fast-talking chair- 
man of the board and chief execu- 
tive officer for General Instrument 
Corp., New York, agrees. However, 
he feels that the Government is on 
the right track with recent moves— 
first surcharge and now devaluation. 
He comments: “All you want to do 
is make sure that both sides play un- 
der the same set of rules.” 

Foreign competition also bothers 
equipment manufacturers. Robert 
C. Wilson, newly appointed presi- 
dent and chief executive officer of 
Collins Radio Co., Dallas, Texas, 
muses, “Every other country is anx- 
ious to help its industry. They un- 
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50-50 trade. ‘Artificial barriers prevent the 
free flow of U.S. goods into foreign nations.”’ 
—C. Lester Hogan, president and chief ex- 
ecutive, Fairchild Camera & Instrument. 


derstand how vital it is to them. But 
somehow, this country has this out 
of perspective—maybe because of 
the many years that things have 
been so good. There’s no miscon- 
ception about what’s the baby and 
what’s the bath water in foreign 
countries. There, government is 
business, or close to it. Our society— 
not just the Government—will have 
to change its attitude, because it’s a 
whole new ball game, and the ques- 
tion is whether we’re ready for it.” 

The competitive ground that elec- 
tronics executives uniformly agreed 
was the foundation of U.S. strength 
is technology. And, despite the 
gloom prevalent on the subject of 
foreign competition, maintaining 
technological leadership is a com- 
mon cause for short-term optimism. 
For Fairchild’s Hogan, it’s tech- 
nology plus the risk capital to pay 
for new developments that will spell 
the difference. 

Making it. For James Sheridan, 
president of Monroe division of Lit- 
ton Industries, Orange, N.J., it’s 
technology plus strong marketing. 
Since he became president in 1970, 
Monroe has completed the difficult 
transition from electromechanical to 
electronic calculators, adjusted to 
fierce competition for the domestic 
market, and moved into new fami- 
lies of LSI machines. Sheridan, who 
came up through the sales ranks, at- 
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Space disgrace. ‘‘To the electronics indus- 
try, the cut in space funds is a genuine 
blow.’’—D. Brainerd Holmes (above), execu- 
tive vice president, Raytheon Co. 


tributes this success to maintaining 
a balance between Monroe products 
made in Japan and those produced 
here, plus building an extensive di- 
rect sales force. 

“Nothing in the cards will pre- 
clude working with our Japanese 
supplier. We'll continue to do those 
things we are best suited to do— 
mainly in the printout machines— 
and they will do what they are best 
suited for,” says Sheridan. However, 
he adds that Monroe has just had 
the best year in its history, and 
spending for product planning is at 
an all-time high. “We do the design 
engineering for our entire line, and I 
don’t think we will ever stop doing it 
from here,” he concludes. 

Hassles. While generally agreeing 
that advancing technology is the in- 
dustry’s strong card, there are some 
executives who are hassled because 
the changes are too quick. In this re- 
gard, L. J. Sevin, outspoken presi- 
dent of Mostek Corp., Carrollton, 
Texas, complains, “We're safe from 
the Japanese, but not from each 
other. The basic problem in elec- 
tronics is the oversupply of talent. 
People believe in the elasticity of 
the semiconductor market and in 
price cutting to get a market share. 
But in some cases, the price is 
bombed before anyone even has the 
product. To affect us, the price 
freeze would have had to include a 
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Safe water. ‘‘A NASA agency to clean up 
the Mississippi River would expand tech- 
nology as well,’"—Donn Williams (above), 
president, North American Rockwell 
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Home and abroad. ‘‘We will continue to 
make what we do best, and our Japanese 
supplier will do what it does best.'’"—James 
Sheridan (below), president, Monroe. 
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Offshore. ‘lf the way to compete with the 

Japanese is to put plants in Japan, you're 

only joining them.’’—Robert Farrall (below), 

president, Clairex Corp. 
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floor as well as a ceiling,” he quips. 
Speaking for a test equipment 
firm, William C. W. Mow, president 
of Macrodata Co., Chatsworth, 
Calif., adds, “U.S. companies stress 
technology too much. Practically ev- 
ery day someone announces a new 
process in the semiconductor indus- 
try. I contend that, with present 
technology and systems design, we 
can make our systems play music. 
We have to predict the future ahead 
of the need. We have to have equip- 
ment available when it’s needed, 
and the question is whether or not 
we can settle on a technology long 
enough to produce the equipment.” 
For the long term, however, there 
is far more concern in executive 
suites across the country about the 
underlying decline of U.S. tech- 
nology, hastened by cuts in Govern- 
ment funding. Men raised on the 
rapid turnover of new ideas and 
strong in their commitments to 
growth through innovation are baf- 
fled by the seeming lack of support 


from Washington and the hostility 
toward technology current in society 
today. Among those most distressed 
by these trends is D. Brainerd 
Holmes, executive vice president for 
Raytheon Co., Lexington, Mass., 
who was the first director of NASA’s 
Manned Space Flight program. 
Generally credited with getting 
NASA’s management off the ground, 
Holmes is saddened by faltering 
space development and sees this as 
a symptom of bigger problems. 

“Space offered tremendous in- 
creases in technological know-how— 
and without a shot fired in anger. 
But we have now allowed this effort 
to stagnate—lose any momentum it 
might have had—and thus are going 
to get a very small payback from 
what could have been an extremely 
productive program. It may take us 
another 10 years before the body 
politic finds out just how much we 
have wasted by cutting space fund- 
ing,” Holmes remarks. “To have in- 
vested the money and then to have 
stopped the program is an immature 
decision and unworthy of us as a na- 
tion.” 


The Raytheon executive contin- 
ues: “We seem doomed to contin- 
ually play costly games of catch-up, 
wasting money by the barrel when a 
more or less continuous policy of 
less frantic research and develop- 
ment not only would cost less over 
the long run, but keep our military 
preparedness and our space effort at 
respectable levels. To the electronics 
industry, this is a genuine blow. It is 
these complex efforts that fuel ad- 
vances in the state of the art, and of 
late there just hasn’t been much fuel 
to go around.” 

“Much of the outcry about over- 
priced systems and technology is 
based on fact,” Holmes says. “Major 
causes are the massive staffing and 
cumbersome procurement policies 
used by the Government. This ups 
the price of almost anything by 25%. 
Another 25% could be chopped off 
if the Government could cut specifi- 
cations that aren’t really needed and 
piles of documentation that must go 
along. We could have gone to the 
moon for $15 billion instead of the 
more-than-$20 billion it actually 
cost us. Without massive investment 


Lost resource. ‘It has cost a lot to build an 
engineering resource, and now we're losing 
it.’—William Stevenson (left), acting presi- 
dent, Lockheed Electronics Co. 


Phases. ‘| wish | had never heard of 
Phase 2; it’s a complicated mishmash.” 
—Edward Reavey (right), vice president, 
Motorola Consumer Products Division. 


Keeping up. ‘The question is whether or not we can settle on a technology long enough to 
build the test equipment.''—William C. W. Mow, president, Macrodata Co. 
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in facilities at the various centers 
and the Cape, we could have done it 
for $10 to $12 billion.” 

Donn L. Williams, president of 
North American Rockwell Corp.’s 
Electronics Group, Anaheim, Calif., 
and a veteran aerospace manager, is 
far less pessimistic. Williams feels 
that far from fading into second- 
class status, the U.S. electronics in- 
dustry is more like a football player 
who has taken off 40 pounds of flab 
and is ready to get into a new game. 

Ecological fallout. As a solution 
for maintaining NASA-like R&D in 
today’s ecological climate, Williams 
has recommended that the agency, 
under a new name, take on the task 
of cleaning up the Mississippi River 
in time for the nation’s bicentennial 
celebration in 1976. With one 
agency managing the program, us- 
ing many subcontractors, and with a 
clearly stated national objective, 
Williams believes, there’s a far bet- 
ter chance for success than by ap- 
proaching ecological problems 
piecemeal. A coherent management 
approach to ecological problems 
would result from the Mississippi 
River project, as well as a great deal 
of technology that would be appli- 
cable to water pollution elsewhere. 
“We can have both national security 
and ecology— the technology that 
brings security can solve the ecologi- 
cal problems,” Williams contends. 

As for his own company’s re- 


Three-way relief. “Our approach to the 
union is to get a competitive plant, a com- 
petitive product, and halt inflation."’-—Merle 
Kremer, president, GTE Sylvania. 
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search, “if we invest in four major 
projects in the Electronics Group, 
that’s about all we can afford. The 
high cost of developing businesses 
from the technology we have is a 
problem.” 

Another electronics arm of an 
aerospace giant, Lockheed Electron- 
ics Co., Plainfield, N.J., is also call- 
ing its shots more selectively. Wil- 
liam A. Stevenson, acting president, 
says his principal weapon in this 
type of market is playing his com- 
pany’s product strengths via innova- 
tive marketing. The strategy calls 
for avoiding completely new mar- 
kets and pushing present capa- 
bilities. 

Our loss. However, he is at the 
same time outspoken about the 
harmful effect of the loss of engi- 
neering talent created by cutbacks 
in the aerospace industry. “It has 
cost the country a lot in money, 
time, and effort to build engineering 
resources, and now we are losing 
this natural resource,” Stevenson re- 
marks. 

Although the lofty issues of the 
future of technology are worrying 
electronics chiefs, the near-term out- 
look is also a top topic. The main 
shadow in this favorable picture ap- 
pears to be Phase 2 of the Nixon 
Administration’s economic game 
plan. Phase | was good for morale, 
but laudable as the objectives may 
be, Phase 2 is a headache, say many 
company executives. 

Haunted. Inflation is a specter 
that still haunts Merle W. Kremer, 
president of GTE Sylvania, New 
York. “Phase 2 controls prices, but 
wages will go rolling along, espe- 
cially in areas of the electronics in- 
dustries like ours where contracts 
were settled a year ago and have a 
couple of years to go,” he points out. 
The labor situation became critical 
at one of Sylvania’s plants where 
closing down operations hinged on 
high union wages. “Our approach to 
the union is to get the plant more 
competitive. We pay the highest 
wages in the area, and unless we get 
relief, we will have to make more 
products elsewhere,’ Kremer 
claims. However, the union has 
agreed to lower its demands, avert- 
ing a shutdown. 

Other criticism centers on admin- 
istration. “I wish I’d never heard of 
Phase 2,” Edward. P. Reavey, Jr., 


vice president and general manager 
of Motorola Inc.’s Consumer Prod- 
ucts division, Chicago, complains. 
“Phase | served its purpose of pro- 
viding a psychological lift, but 
Phase 2 is a complicated mishmash, 
hard to administer. There would be 
less trouble if it were dropped.” 

Jerry Sanders, president of Ad- 
vanced Micro Devices, Inc., Sunny- 
vale, Calif., would also like to see 
Phase 2 dropped, but in this case 
dropped to reward employees be- 
yond the 5.5% guideline set down by 
the Pay Board. “During the last 
year, we went from a loss position to 
a profitable operation, and we qua- 
drupled sales, but now that I want 
to reward my people, I can’t do it 
adequately. We brought people into 
the company at salary levels that 
were equal or slightly lower than 
they were getting elsewhere; our 
plan was to give raises as the com- 
pany grew. And now that we’ve 
grown, I’m being restricted by Phase 
2 from giving the increases they de- 
serve,” Sanders maintains. He also 
feels that there should be guides on 
productivity in the present wage 
rules. 

The worst thing. Other Govern- 
ment policies are also a source of 
discontent. This is a leading prob- 
lem for Recognition Equipment 
Inc., Dallas. Herman L. Philipson, 
Jr., president of REI since its incep- 
tion in 1961, charges, “Absolutely 
the worst thing on the face of this 
earth from our point of view—is the 
Office of Foreign and Direct Invest- 
ment in the Department of Com- 
merce. By limiting our ability to ex- 
pand overseas, it’s working against 
the stated Administration policy of 
encouraging exports. It takes the 
stand that the lease of a $1 million 
system overseas is the same as 
building a $1 million plant. So it ei- 
ther forces companies such as ours 
to license foreign companies—which 
doesn’t create jobs here, or help the 
balance of payments—or else it 
forces us to engage in expensive ma- 
chinations to export. I'd like to see 
our Government set up an active 
program for export financing for 
small companies as it does for air- 
craft, ships, and military equip- 
ment.” [rat 


This article was written by Gerald M. Walker with reporting 
from Electronics staffers James Brinton, Paul Franson 
Lawrence Curran, Stephen Wm Fields, and Kemp Ander- 
son 
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Mica Capacitors 


For 
hermetically 
sealed or 
potted in 
applications. 


For specialized 
mounting ar- | 
rangements 
and operation 
under selected 
environmental 
parameters. 


For 
specialized 
form factors 
and operation 
under 
environmental 
extremes. 


Custom Electronics can fill your 
mica capacitor requirements in 
minimum reaction time (inquiry- 
to quote-order-to delivery). 
Meet your design engineer’s 
requirements for higher voltage, 
higher temperature and greater 
reliability by calling on 

Custom Electronics for Mica 
Capacitors. te 

The greatest single cause for 
capacitor failure is a short in 
the dielectric material. 
Consequently, we precisely in- 
spect and grade all of our 
dielectric material before 
production. The result is the finest 
quality capacitors of their kind 
available today. 


Write or call on your application 
today! 


{ *USTOM 


The QC Fanatics 


CUSTOM ELECTRONICS, Inc. 
Browne St., Oneonta, N. Y. 13820 
PH: 607-432-3880 TWX 510-241-8292 


Probing the news 


Communications 


Bell System calls 
for mobile telephone net 


But Motorola and others are filing protests with the FCC 


because wireline carriers would grab all the bandwidth 


by Ray Connolly, Washington bureau manager 


A radically new, nationwide land- 
mobile and air-ground telephone 
network proposed by the American 
Telephone & Telegraph Co. has a 
number of communications com- 
panies—Motorola Inc., in particu- 
lar—hopping mad. The reason: 
AT&T wants exclusive use of the 
806-881-megahertz band to be 
given to wireline common carriers 
for both mobile public telephone 
and private dispatch services. Moto- 


rola and others oppose creation of 


such a “monolithic system.” 

AT&T has asked the Federal Com- 
munications Commission “to insure 
the success of this venture” by both 
granting the exclusivity and sup- 
porting “the provision for large- 
scale nationwide mobile telephone 
and automatic dispatch services” by 
the wireline carriers. Motorola, has 
told the FCC that it opposes AT&T’s 
concept of giving over the entire 
band for both the public mobile 
telephone and the private dispatch 
services. The Chicago-based com- 
pany, however, favors allocating just 
the mobile telephone service to the 
wireline carriers. 

Contention. The positions of both 
AT&T and Motorola were outlined 
just before Christmas in comments 
to the FCC on Docket 18262, cov- 
ering future use of 806-960-MHz 
band. In its first report on the 
docket earlier last year, the FCC set 
aside 75 MHz of bandwidth in the 
806-881 MHz band for wireline 
carriers, with another 40 MHz for 
private land mobile in the 900-MHz 
region. 

Bell proposes a five-year develop- 
ment plan for its high-capacity mo- 
bile communications system leading 
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to nationwide “high quality and low 
cost services.” Motorola argues that 
a system combining public and pri- 
vate services “is not cost efficient for 
the user,” and that “there is no sub- 
stantial foreseeable market for a 
consumer mobile telephone service 
over the next decade. In addition, 
the company contends that “private 
land mobile needs more than the 40 
MHz” now proposed of the full 115 
MHz cited in the first FCC report. In- 
deed Motorola protests that “radio 
common carriers are presently not 
afforded any spectrum.” 

Complete coverage. There are al- 
most no significant technological 
criticisms of the Bell concept of us- 
ing hexagonal geographical areas— 
cells—with directional antennas on 


Double duty. Antennas at alternate corners 
of a hexagon could be used to hand off mo- 
bile signals to adjacent cells, as well as di- 
vert them around obstructions within a cell 


“ 
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three cell corners to overcome 
“shadow” losses by obstructions 
such as hills or tall buildings (see 
diagram). 

How big is a cell? It varies, says 
Bell’s proposal, depending on the 
traffic. The hexagonal cells in each 
area will be smaller in large urban 
areas where traffic is heavy: larger 
in rural areas where traffic is light 
and man-made obstacles less 
frequent. Antenna output of about 
10 watts appears “an economical 
maximum for a small-cell system,” 
according to Bell. First service is 
proposed for major cities. 

The key to the switching and con- 
trol functions of the system is what 
AT&T calls “sophisticated proces- 
sors” and, in the case of small cells, 
minicomputers. The Bell plan calls 
for small cells of 300 to 3,000 mobile 
units to use a mobile switching of- 
fice to complete paths between mo- 
bile users and either the landline 
network or proper dispatcher posi- 
tion. The message switching office 
alters that path as the telephone 
user moves and also controls paging 
and locating of mobile units, chan- 
nel assignment, billing, and super- 


vision. Bell may modify its elec- 
tronic switching system to meet 


message switching requirements. 

Division of the 75 MHz sought in 
the 806-88l-band, says AT&T, 
should initially be subdivided into 
64 MHz, yielding 800 duplex chan- 
nels, to land mobile, and 11 MHz, or 
220 duplex channels, to air-ground. 
The air-ground service would be ca- 
pable of operating within more than 
one cell because of flight altitudes. 

Bell’s call. Though AT&T’s propo- 
sal is already generating opposition 
from manufacturer’s other than 
Motorola, Bell moved to soften such 
criticism by citing its intent to “de- 
pend upon general trade sources” 
for development and manufacture 
of mobile telephone units. 

However, other manufacturers 
note that Western Electric, Bell’s 
manufacturing arm, might be con- 
sidered one of those sources. In- 
deed, one critic, who declined iden- 


tification pending his company’s 
filing, says “AT&T wants to be the 
sole customer for many manufac- 


turers. They set the specs and, in ef- 
fect, they also would set the price. If 
they don’t like the price, they always 
have Western Electric.” je: 
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2166 Mountain Industrial Blvd 


Don’t Spend Money... unless 
you have to! Remember, not 
spending it is almost the same as 
earning it. For example, you 

can have the best test equipment 
with no large capital investment 
by renting what you need... for as 
long as you need. Instead of 
building test equipment 
inventories, you’ build profits. 

Let us show you how it’s done. 
Call or write Otto Rothfuss. 


Optima sma 


Circle 


Electronics 
Inc. 


ABPEPSICO teasinc company 


16600 Oakmont Avenue 
Gaithersburg, Maryland 20760 
Telephone (301) 948-0625 


Eight Major Service Centers 
Conveniently Located 
Throughout the U.S. and Canada 


CasGe 


Boldly designed to meet contemporary market needs * 24 sizes 
with useable inside space ranging from 133.6 to 144.5 cubic 


inches + 
finish 


Write or call for a free catalog 


optima enclosures 


division of Scientif 
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liftoff cover provides complete access + 


ific-Atlanta, Inc 


Tucker, Georgia 30084 Telephone 404-939-6 
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Readout modules in character heights from .125” to 1” 


= 
» 
r 
4 
Readout packages (modules with decoder/drivers) 
é 
* 
: 
«>. 
Complete readout assemblies (1-10 packages in bezel for instant mounting) ; 
4s 


Readouts? | 


Talk to the specialists at Dialight first. 
You won't have to talk to anyone else. 


+ 


For one thing, Dialight offers you a wider range of sizes than or a complete assembly of packages ready to mount. And the 
anyone else—character heights from .125” to 1”. Only Dialight cost per digit may well be less than you’d pay for the decoder/ , 
can give you LED, incandescent or neon light sources. Important, driver alone. Finally, you get Dialight’s expertise in visual indi- 
too, Dialight gives you complete design flexibility you can buy cators. That doesn’t cost you anything. Neither does the readout 
a digital module or that module packaged with a decoder/ driver data we’ll send you upon request. Write for it today! 

i] } | oe 
INALIGHT 
aa ALCO 
=) St Sa A hse Cea leew RUAESS 
DIALIGHT CORPORATION, A NORTH AMERICAN PHILIPS COMPANY + 60 STEWART AVENUE, BROOKLYN, N.Y. 11237 + (212) 497-7600 
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New products 


Data acquisition 
instruments shrink 
to circuit-card size 


Modular system combines 
digital and analog inputs 
for computerized control 
of industrial processes 


There’s a growing market for a type 
of computerized data acquisition 
and control system that can best be 
characterized as sensor-based. It has 
many analog and digital inputs and 
outputs, but may not need the great- 
est speed or the highest precision. 
Most industrial data-acquisition and 
control applications (such as engine 
testing) and many scientific R&D ap- 
plications fall into this category. 

The analog inputs are usually 
low-level and come from trans- 
ducers, such as thermocouples and 
strain gages; digital inputs come 
from sensing contact closures on 
equipment or operator panels. 
Analog outputs provide for data dis- 
play or control of power supplies. 
Digital outputs are for stepper mo- 
tor control, control-panel lights, and 
display and relay solenoid control. 

For this kind of application, sys- 
tems built out of programable lab 
instruments are too good and too 
expensive. Yet the only alternative 
in the past has been a piecemeal ap- 
proach, applying independent solu- 
tions to different parts of a cus- 
tomer’s problem. 

But Hewlett-Packard has devel- 
oped another solution. The com- 
pany has two new systems interface 
boxes—one analog and one digital— 
which combine into single subsys- 
tems all the analog and digital input 
and output needs of sensor-based 
data acquisition systems. The sub- 
systems based on these interface 
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boxes are put together with H-P 
computers, peripherals, and existing 
subsystems in various combinations 
to form the 9600 series of computer- 
based industrial data acquisition 
and control systems. 

The analog subsystem for the 
9600 series accepts low- and high- 
level analog signals. It also can time 
these signals under program control 
and, if needed, time output analog 
signals for signal display and pro- 
cess control. This single subsystem, 
with its plug-in functional compo- 
nents, will replace four separate 
subsystems in H-P’s product line. 
With an H-P computer as system 
controller, it is a complete modular 
analog data-acquisition system. 

The basic version consists of an 
analog-to-digital interface box, con- 
trol card, computer interface card, 
12-bit a-d converter with sample 
and hold, cables, and software driv- 
ers. The interface box is actually a 
combining case that has a unique 
backplane for interconnecting the 
plug-in modules. The backplane has 
both an analog and a digital bus 


through which the functional mod- 
ules communicate with each other. 
Control of the subsystem is derived 
from the computer and interpreted 
by the analog control card. This 
card uses microprograming with 
semiconductor ROMs to generate the 
control and timing signals. 

The initial analog subsystem will 
be offered with from 16 to 2,048 
high-level input channels, which can 
be either differential or single- 
ended, and from eight to 2,048 low- 
level inputs, with programable gain. 
Also available are d-a converters at 
the output. 

The unusual feature of the sub- 
system is that all functions, along 
with future capabilities, can be 
placed together in the same box. 
This enables the box to perform 
low- and high-level scanning at dif- 
ferent speeds and voltage levels, 
while also putting out analog infor- 
mation with its d-a converters. 

The digital subsystem is based on 
the new H-P multiprogramer and 
multiprogramer extender. The mul- 
tiprogramer provides 15 channels of 


Sensor-based tests. Cards perform instrument functions in modular system. 


Simply call Rental Electronics 
and sit back and relax! Because 
Rental can supply practically 

all of your test equipment needs 
for as long as they exist. When 
the need disappears ... call us 
and we'll make the test gear 
disappear and you'll still 

have your “frozen” budget in tact. 
Ask for Otto Rothfuss. 


Electronics 
INC. 


16600 Oakmont Avenue 
Gaithersburg, Maryland 20760 
Telephone (301) 948-0625 


Eight Major Service Centers 
Conveniently Located 
Throughout the U.S. and Canada 


Circle 137 on reader service card 


New products 


A REPSICO teasins comany 


Headrest 


When you are tired of working your multimeter instead of your problem, 
try our AUTORANGING DIGITEST 750 daily and get plenty of head- 
rest. Automatically selects five ranges each of DC-AC volts, DC-AC 
current and ohms with an accuracy to 0.1%, automatic polarity, automatic 
zero and built-in calibration reference. Resolution to 100 zv. Protection to 
1000 v, input impedance to 10 meg 2, on 12 volts DC or 117 volts AC 
power. Pushbutton . . . Com- Telephone 303/242-8863. 
pact . . . Rugged. Our Rx 


for meter-needle whiplash. $ 3 8 5 D) x SO N 


Write or telephone for an INSTRUMENTS 


immediate demonstration. 
Post Office Box 1449, Grand A Product of Schneider 
Junction, Colorado 81501. Electronique, Paris, France. 
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12-bit digital input and output, us- 
ing a single computer input/output 
interface. Extenders can increase the 
number of channels to 240, each 
containing one of the following: : 
= Digital input card: monitors 12 
lines of TTL, DTL, or RTL, or contact 
closure logic. 

= Telephone relay monitor card: 
monitors 12 lines of TTL, DTL, or RTL 
or contact closure logic, and can 
withstand transients up to 1,500 
volts without damage. 

= TTL output card: provides 12 bits 
at TTL and DTL logic levels. 

= Relay output card: provides 12 
independent spst contact pairs. 

= Relay output with read-back 
card: provides same capability as 
relay output card, but with lines 
monitoring the status (ener- 
gized/not energized) of the relays. 

The multiprogramer subsystem 
can also be used for analog output 
control. Analog outputs may be 
voltages or resistances, the latter pri- 
marily for controlling power-supply 
voltages and currents. 

Chips show the way. Until 
recently the 9600 system couldn’t 
have been built. In concept, the 
plug-in cards are instrument subsys- 
tems or modules—they result from 
shrinking an instrument as much as 
possible and removing all knobs 
and switches, which couldn’t have 
been done without the availability 
of LSI circuits. 

Three software packages are 
available for the 9600 system. The 
simplest of these is the Basic control 
system, which provides the utility 
service of relocation and linking of 
the user’s program with interrupt 
processing, output buffering, and a 
library of subroutines. Next is the 
data acquisition and control execu- 
tive, which includes a core-resident, 
real-time scheduler. This is supplied 
along with the Basic control system. 
The third, and most complex, is the 
real-time executive operating sys- 
tem. 

The 9600 systems start at $22,350 
including the computer, and typical 
systems cost between $32,000 and 
$60,000. Deliveries are expected to 
begin in April. 

Hewlett-Packard Co., 1501 Page Mill Road, 
Palo Alto, Calif 94304 [338] 
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Components 
Custom supply 
is shelf item 


Line of power equipment 
provides up to 3 separate 
outputs, choice of package 


When an electronics designer needs 
multiple power supplies for his 
equipment, he usually specifies ei- 
ther individual off-the-shelf units or, 
if space and power are at a pre- 
mium, he negotiates for a custom 


SN SEEEELE EE: 
WALANRAL 


design. But Electronic Measure- 
ments Inc., Neptune, N.J., is now 
combining the alternatives by offer- 
ing what are virtually custom de- 
signs that are available off-the-shelf. 
And by relying on high-frequency 
magnetic circuitry, the new units are 
one-half to one-third the size of con- 
ventional series-regulated packages. 

The new supplies, called Multi- 
Module, provide up to three sepa- 
rate outputs in any of three stan- 
dard packages. These can furnish 
power maximums of 100, 200, or 
400 watts. And the customer may 
choose the voltage and current rat- 
ings of each output from among a 
range of specified values. 

With this approach, says Elec- 
tronic Measurements, a customer 
can satisfy special requirements 
without incurring any extra engi- 
neering charges. 

The Multi-Module units are 
aimed particularly at applications 
requiring small size and weight and 
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high efficiency. Size is held down by 
operating the supply’s magnetics— 
the transformer, inductors, and 
magnetic amplifiers in the ac and de 
regulating loops—at 20 kHz, rather 
than at 60 Hz. For example, a 400-w 
unit with three outputs measures 4 
by 6 by 10 inches, about one-third 
the size of conventional series-regu- 
lated units. Efficiency can be 65% to 
70% instead of 40%. 

The voltage ranges for the Multi- 
Module series are 4 to 6.2, 12 to 16, 
12 to -16, 24 to 32, and -24 to -32 v. 
Input voltage can swing rather 
widely between 80 and 130 V ac at 
47 to 1,000 Hz. Regulation is +0.5% 
overall, line and load combined. 
Stability is 0.1% for eight hours after 
warmup. Ambient temperature 
range is 0 to 50°C, and the adjust- 
ment range is +0.5 v for all outputs. 

Prices are $350 for the 100-w MM 
100, $450 for the 200-w Mm 200, 
and $600 for the 400-w MM 400. 
Electronic Measurements Inc., 405 Essex 
Rd., Neptune, N.J. 07753 [341] 


Versatile miniature trimmer 


offers high resolution 


Designed to interchange with any of 
the 14-inch wirewound trimmers on 
the market, the model 901 devel- 
oped by TRW Electronic Compo- 
nents has unity resolution at 10 
ohms. A resolution of 0.15% is avail- 
able at 20 kilohms. Offered in a re- 
sistance range from 10 ohms to 50 
kilohms, the 901 has a power rating 
of one watt at 70°C. Minimum re- 
sistance is 0.2% or 1.0 ohm, which- 
ever is greater. Priced as low as 
$1.68 in quantity, the unit is housed 
in a plastic case one inch long. 

TRW Electronic Components, iIRc Potentiome- 
ter Div., 2801 72nd St., North, St. Peters- 
burg, Fla. 33733 [349] 


‘Memory’ keeps relay 
in position without current 


A line of magnetic latching reed re- 
lays is set to operate at 5, 6, or 12 V 
de nominal. The relays are fur- 
nished with six form-A or three 


form-C contacts that will transfer 
from a 5.5 ms pulse. The contacts 
remain in a set open or closed posi- 
tion without requiring any holding 
current. Because of the magnetic 
circuit, the relays require only 75 
mwW of power—13 mw per pole. The 
devices are suitable for pe board in- 
stallation or in any assembly where 
space is at a premium; maximum 


height is %-in. Contacts are hermet- 
ically sealed and are encapsulated 
in mineral-filled epoxy. 

Frederick Controls Div., North American 
Philips Corp., Frederick, Md. 21701 [343] 


Mechanical filter flatpacks 
cover 3 to 30 kHz range 


A series of mechanical filter flat- 
packs with frequencies between 3 
and 30 kHz is designed for 0.2% to 
2.0% bandwidths around the center 
frequency. The filters use flexure- 
mode resonators composed of iron- 
nickel bars and piezoelectric ce- 
ramic transducers. Configurations 
are available with 1, 2, and 4 
resonators. The 2- and 4-resonator 
versions can be designed with linear 
phase, Butterworth, or Chebyshev 
characteristics, as well as an ellipti- 
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Communications 
Mien Think i Big 


iy Small 


The Canadian Broadcasting Corporation uses aperiodic 
loop antenna above .... and that’s big and small. 


Big... at Britannia Heights, near the nation’s Capital at 
Ottawa, Canadians listen to the world. 

Small... CBC listens on the aperiodic loop antenna which 
is only 50 meters in diameter in Rosette array. 

Big... Its omni-directional, point-to-point, broad band, 


long and short range receive capability is big 
enough to replace vast rhombic or log-periodic 
antenna farms. 
That’s why, whenever communications men think big and 
small, Hermes Electronics Ltd. supplies the aperiodic loop 
antenna to government agencies and military forces around 
the world. 
Roof mountable, fast set up, small spaces, big jobs, or just 
below ground level it snows a lot at Canada’s Britannia 


Heights. 
ASK US Suite 315 
Hermes Electronics Limited 773 F ,eirecn™ 
D.C., 20006 


Telephone 202 295-2978 
TWX 710-822-1106 
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New products - 


cal function ladder network with 
simple capacitive bridging. 

Collins Radio Co., Component Marketing 
Dept. 600, Newport Beach, Calif. 92663 
[344] 


Variable delay line 
has single control shaft 


Compatible with dual-in-line pack- 
aging, the Series 900 miniature, con- 
tinuously variable delay line offers a 
delay range from 5 ns to 50 ns with 
corresponding maximum rise time 


of 2.5 ns to 15.0 ns, covering band- 
widths up to 150 MHz. The single 
control shaft varies the delay over 
the entire range. Other specifica- 
tions include an attenuation of 0.5 
dB maximum, a resolution of 0.001 
of total delay, and impedance toler- 
ance of +10%. 

Esc Electronics Inc., 534 Bergen Blvd., Pali- 
sades Pk., N.J adel ata 


High- -Q variable toroid has 
inductance to 12 henries 


Developed specially for printed cir- 
cuits and similar lightweight appli- 
cations, a fully shielded, high-Q 
variable toroid has inductance to 12 
henries. The epoxy-encapsulated 
device, called the Adjustoroid, of- 
fers stepless adjustment, and there is 
no physical contact between the ad- 
justing screw and toroid winding. 
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Inductance adjustment is achieved 
through magnetic coupling. 

Nytronics Inc., Orange St., Darlington, S.C. 
[347] 


Multithrow rf switches are 
available with 2 to 50 outputs 


A line of self-contained, passive rf 
reed switches, called the SWR series, 
in multithrow configurations, is 
available with two to 50 outputs in a 
single package. The rf performance 
range is from dc to | GHz. The sig- 
nal circuit is isolated from the con- 
trol circuit, making the switch ef- 
ficient where shielding, rfi integrity, 
and induced noise are critical. Isola- 
tion is up to 100 dB and insertion 
loss is 0.2 dB, achieved by using 
multiple reeds in a broadband 
matching structure. Contact rating 
is 10 W, and switching speed is 2 ms. 
Integral Data Devices Inc., 46 S. Bayles 
Ave., Port Washington, N.Y. 11050 [346] 


Four-pole filter design 
is housed in TO-5 can 


Aimed at miniature receivers and 
paging systems, two two-pole filters 
are contained in one TO-5 package. 
The result is four-pole design, small 
size, and light weight. Specifications 
include a center frequency of 20 
MHz, a 3 dB bandwidth of 16 kHz 
minimum, ripple of less than 0.5 dB, 
and an insertion loss of 32 dB max- 
imum. 

McCoy Electronics Co., 
Springs, Pa. [348] 


Mount Holly 


1.5-watt zeners made with 
double-pin bonded design 


Military-type 1.5-watt zeners, series 
1N4461-89, offer high reliability re- 
sulting from their double-pin 
bonded design. The chip is bonded 
between terminal pins and_ then 
fused with a hard glass sleeve to the 
exposed silicon surface and pins. 
Unitrode Corp., 580 Pleasant St. Watertown, 
Mass. 02172 [350] 
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INTERNATIONALS 

MOE Crystal Oscillator 
Elements provide a complete 
controlled signal source 


from 6000 KHz to 60 MHz 


The MOE series is designed 

for direct plug-in to a standard dip 
socket. The miniature oscillator 
element is a complete source, 
crystal controlled, in an 
integrated circuit 14 pin dual-in- 


line package with a height f 
of ¥ inch. INTERNATIONAL 
Oscillators are grouped by Lae J 


frequency and temperature 
stability thus giving the user 

a selection of the overall accuracy 
desired. Operating voltage 

3 vde to 9 vdc. 


CRYSTAL MFG. CO., INC. 
10 NO. LEE @ OKLA. CITY, OKLA. 73102 


TYPE CRYSTAL OVERALL 25°C PRICE 
RANGE ACCURACY TOLERANCE 
+ .002% Zero 
MOE-5 6000KHz to 60MHz | —10° to +60°C Trimmer $35.00 
+ ,0005% | Zero 
MOE-10 | 6000KHz to 60MHz | —10° to +60°C Trimmer $50.00 
Circle 107 onreader service card 107 


NEW! First comprehensive guide 
to every aspect of TTL devices 


and their practical applications 


DESIGNING WITH TTL 
INTEGRATED CIRCUITS 


Prepared by the IC Applications Staff 
of Texas Instruments Incorporated 


Edited by Robert L. Morris and John R. Miller 
This thoroughly comprehensive and practical volume— 


the first to explore the entire family of TTL integrated 
circuits—is a complete source book on the newest, most 


| 


versatile, reliable, and economical innovation in systems | 
technology. It covers not only design philosophy, eco- | 


nomics, basic descriptions, and electrical performance 


of TTL devices; but many practical applications of the | 


circuits in digital systems. 


It will save you time and work by providing many com- | 


pleted designs easily converted to your particular needs 


... reduce costs by suggesting the most cost-effective | 


integrated circuits to use in your system... help your de- 
cision making by reviewing all modern logic types and 


giving you a comparison of the characteristics of sub- | 


series within the TTL series. 
The first book devoted exclusively to the transistor- 
transistor logical family of integrated circuits, this 


volume will prove invaluable to electronics engineers, | 


computer designers, and systems analysts and to non- 
engineer managers who want information on the best 
uses of TTL devices. 


384 pages, 380 illustrations, $18.50 


eeceeeeeeeoeeeoeeeeeeeeeeeeeeeee 

: MAIL COUPON TODAY - 

e McGraw-Hill Book Company 

‘é 330 West 42nd Street, New York, N. Y. 10036 

@ send me Texas Instruments’ DESIGNING WITH TTL INTE- 

fA GRATED CIRCUITS (637458) for 10 days’ examination. At the 

> end of that time | will remit $18.50 plus tax, postage, and han- 

‘~ dling charges. If | decide not to keep the book | will return it in 
the carton provided within 10 days. (Remit in full with coupon, 

o plus tax, and McGraw-Hill pays all delivery costs.) 

e Name 

© Address 

e 

e City State Zip_ 

e Offer good in U.S. and Canada only. 23-6-7 

e 
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Another new idea from 


auto-swage.. 


SOCKET PINS 
SPRING FINGER 


Here’s a part that only swaging could make, 
now available as a stock item — a small one 
piece female connector with internal pre- 
loaded spring leaves for contact and reten- 
tion. 


For sockets, breadboards, nixie tubes, minia- 
ture lights, and many other applications. 
Write today for samples and prices. 
SPECIFICATIONS: 

e Base metal — beryllium copper 

e Plating — ten millionth min. 24K gold 

e Male pin size —to .017 

e Pin diameter — top .045; shank .035 

e Profile height — .090 

e Pin length — .230 


Got another pin problem? Write today for our new 8-page 
brochure. It may show your problem part — made better 
and cheaper by automatic die swaging. 


Pt AUILO-SWAKE wees ne 


726 River Rd., Shelton, Conn. 06484 


Tel. (203) 929-1401 


Circle 108 on reader service card 


YOU'RE WHISTLING IN THE DARK... 


if you think that heart disease and stroke 
hit only the other fellow’s family. 


GIVE ... so more will live o 
HEART FUND \ 


Contributed by the Publisher 
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New products 


Instruments 


Stable, versatile 
pulse generator 


Oven, op amp, chopper 
provide specs that aren't 
affected by 50-ohm hookup 


Engineers in the nuclear instrumen- 
tation field have become accus- 
tomed to working with pulse gener- 
ators that provide extremely stable, 
linear pulses. But these instruments 
cannot be employed in general elec- 
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tronics testing because they lack 
versatility—their repetition rates are 
slow and they can be used only with 
small output loads. On the other 
hand, the versatile precision pulse 
generators that are available with 
independent rise and fall times and 
a 50-ohm output impedance cannot 
provide the extremely stable pulse 
tops sometimes needed, for ex- 
ample, in amplifier calibration. 
With the introduction of its model 
PB-4 precision pulse generator, 
Berkeley Nucleonics Corp. has satis- 
fied both the stability and the versa- 
tility requirements. By using a solid 
state chopper, a proportional-con- 
trol oven, and a specially designed, 
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high-gain, fast-slew-rate operational 
amplifier, the PB-4 attains a tem- 
perature stability better than +5 
ppm/’C, and a linearity of 50 ppm. 
According to Mel Brown, Berkeley 
Nucleonics’ president, “These specs 
won't be affected by connecting the 
instrument to a 50-ohm load.” 

Other features of the PB-4 include 
the ability to select either flat-top or 
long-tail pulses with a fast rise and a 
long exponential fall, and indepen- 
dently adjustable rise and fall times. 
Repetition rate is continuously vari- 
able from | hertz to 250 kilohertz, 
and the pulse amplitude is variable 
from 0 to 10 volts. 

Brown says that the repetition 
rate of 250 kHz is about 1,000 times 
faster than the nearest competitor, 
which is the mercury-relay pulse 
generator. He explains that to get 
the very stable pulses, previous units 
used relays to chop up a de signal, 
producing pulses at about 100 to 
200 chops per second. Solid state 
choppers, which would offer a 
higher repetition rate, could not be 
used because they degraded the sig- 
nal too much. “But we put a spe- 
cially designed op amp along with a 
precise zener reference and a chop- 
per in a proportional-control oven, 
Brown says. “This allows us to go to 
250 kHz and still maintain the pre- 
cise pulse characteristics.” 

Applications for the PB-4 include 
testing the stability, resolution, and 
linearity of amplifiers, the integral 
linearity of analog-to-digital con- 
verters, and the differential linearity 
of pulse-height. analyzers, and mea- 
suring the threshold stability of am- 
plitude discriminators. 

The pPB-4 is available from stock 
to 30 days and is priced at $1,450. A 
companion carrying case and power 
supply, the AP-1, sells for $375. 
Berkeley Nucleonics Corp., 1198 Tenth St., 
Berkeley, Calif. 94710 [351] 


FET-input multimeter has 
high, low voltage resistance 


An FET-input multimeter called the 
model FE160 provides both high 
and low voltage resistance ranges. 
This means that 1.5 volts is used for 


conventional measurements while 
0.08 volt is used for measuring re- 
sistance in-circuit without causing 
the semiconductors to conduct and 


| 


upset the readings. The meter also 
has a voltage range of 0.1 v full 
scale for transistor bias measure- 
ments, and a scale of 30 micro- 
amperes for base current measure- 
ments. Accuracy is 1.5% de, 2.5% ac. 
Sencore Inc., 3200 Sencore Dr., Sioux Falls, 
S.D. [355] 


Charger-stabilizer processes 
wide range of structures 


The model 580 Magnetrea- 
ter/Charger is capable of charging 
and stabilizing permanent magnet 
materials and assemblies, including 


accelerometers, traveling-wave-tube 
magnets, and magnetron structures. 
A common fixture may be used for 
both charging and treating, enabl- 
ing the assembly being processed to 
be magnetically saturated and stabi- 
lized without removing it from the 
fixture. The unit uses an SCR circuit 
instead of ignitrons, and energy 
storage at 650 Vv is 105 joules. Mate- 
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Have you 
hear 

about 
Rochester's 
labor 
pains? 


The profit crunch hit us, too. Corpo- 
rations are running lean here. Now, 
you can capitalize on someone else’s 
cutback. Here, in a fertile, dynamic 
9-county area of Western New York, 
we have labor available. Not just 
skilled and semi-skilled labor. But 
chemists, physicists, engineers. Did 
you know that Rochester has the 
highest percentage of professional 
people in the country? Would you like 
detailed information on the labor 
situation here... or any aspect of site 
or plant selection? If so, call collect or 
write to Bob Hall, Director of Area 
Development, Rochester Gas & 
Electric, 89 East Ave., Rochester, 
New York 14604 (Telephone: 
716-546-2700). Nobody knows more 
about this area than we do. And 
because we make money selling energy 
to industry, we’re eager to share our 
knowledge with you. 


| = [tet GAS AND ELECTRIC 


New products 


rials which may be processed range 
from the low-coercive-force chrome 
and tungsten magnets up to high- 
energy barium ferrite. Price of the 
model 580 is $1,100. 

RFL Industries Inc., Boonton, N.J. 07005 
[353] 


Pulse generator features 
output of 50 MHz, 10 V 


A pulse generator, the model 135A, 
designed as a stimulus source for 
laboratory or production-line appli- 
cations, has a 50-MHz, 10-V output. 
Variable rise and fall times are from 
3 nanoseconds to greater than 8 mil- 
liseconds, and width and delay are 
variable from 10 ns to 50 ms. Base- 
line offset is 0 to +5 Vv into 50 ohms. 
Synchronous output gating and ex- 
ternal triggering permit flexible op- 
eration under external control. Price 
is $1,595. 

E-H Research Laboratories Inc., P.O. Box 
1289, Oakland, Calif. 94604 [358] 


Phase jitter tester checks 
data communications lines 


A new test instrument measures 
high-speed data communications 
systems that use standard telephone 
lines. Designated the Tonelock 
Model 75L, the instrument also tests 
the level of a carrier tone. Any 
single pilot frequency may be speci- 
fied for checking pilot jitter. Phase 
jitter accuracy is 0.2° +5% of read- 
ing, and level accuracy is | dBm. 
Applications include testing of 
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modems. Price of the 75L is $950. 
Bradley Assoc. Corp., 9 Dash Place, Bronx, 
N.Y. 10463 [357] 


Transient recorder uses 
high-speed a-d converter 


A transient recorder, called the 
model 8100, uses an eight-bit a-d 
converter with a maximum word 
conversion rate of 100 MHz, com- 
bined with an eight-bit 2,000-word 
memory. The digital information 
can be fed to printers and tape 
punchers, or on-line to minicom- 
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puters. Also, a repetitive analog re- 
production of the stored signal may 
be used with CRT displays or plot- 
ters, and signals may be recorded. 
Measurement rates are selectable 
and they allow the 2,000 data points 
to be obtained in 20 microseconds. 
Price is $9,500. 

Biomation Corp., 1070 East Meadow Circle, 
Palo Alto, Calif. 94306 [354] 


Counters feature direct 
frequency display to 550 MHz 


A line of five counters includes three 
models that can make rf measure- 
ments to 550 MHz and two models 
that measure to 150 MHz. All of the 
models in the series 8000B have 
wideband automatic gain control 
that provides constant performance, 
even when the signal fluctuates be- 
tween 50 and 1,000 millivolts. Accu- 
racy is maintained up to 99% ampli- 
tude modulation on the rf signal. 
Price ranges from $1,195 to $2,375, 
depending on frequency and time 
interval capability. Offered as an 
optton is a TTL-compatible systems 
interface. 

Dana Laboratories Inc., 2401 Campus Dr., 
Irvine, Calif. 92664 [356] 
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New Products 


Data handling 


Mini adapted to 
communications 


Software and ROM match 
slower remote terminals 
to fast central processor 


The fastest-growing area for 
minicomputers is in such data com- 
munications applications as termi- 
nal controllers, remote data con- 
centrators, programable commu- 
nications front-ends to large data 


processing machines, and free- 
standing teleprocessing systems. Jon 
Gould, director of the data commu- 
nications systems department at In- 
terdata, Oceanport, N.J., says that 
25% of his company’s revenue now 
comes from data communications 
usage of minicomputers and that by 
1975 this share will increase to 40% 
of a larger revenue base. 

This trend is evident in the design 
of two new minicomputers, models 
50 and 55, that Interdata is offering 
in both OEM and user configura- 
tions. The two machines are ef- 
ficient in the data processing and 
data communications modes simul- 
taneously. Up to now, says Gould, 
processing-oriented minicomputers, 
operating only under software con- 
trol, had to idle while handling com- 
munications tasks such as receiving 
inputs from a slow teletypewriter or 
other terminal. 

Interdata has added firmware, in 
the form of a read-only memory 
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with a microinstruction time of 250 
nanoseconds, and extended the soft- 
ware package to include 26 instruc- 
tions dedicated strictly to data com- 
munications and 88 instructions 
devoted to the usual processing ac- 
tivities. Thus, for example, the data 
communications instruction RDHS 
inputted to the ROM is all that’s 
needed to have the computer read 
data at high speed. 

Price of the model 50 is $6,800 for 
one, $4,760 each for 20. Included 
are 8,000 bytes of core memory and 
a built-in interface for a tele- 
typewriter. The memory, a 4,096- 
by-16-bit ferrite core module, can 
be expanded up to 65,000 bytes. 
Memory access time is 300 ns, with 
a cycle time of 1.0 ys. Of the 16 
hardware general registers, 15 can 
be used for indexing. The mini- 
computer’s 1/0 bus handles up to 
255 peripheral-device controllers, 
and the interrupt time is 10.5 ps. 

Model 55, a dual processor selling 
for $15,900, serves for larger com- 
munications applications where the 
computational loads are heavy, and 
where faster throughput and faster 
response are necessary. The main 
memory of one processor can be 
partitioned to provide a shared 
memory that can serve either pro- 
cessor without degradation due to 
memory contention. 

For the dual processor, data 
length is 8, 16, or 32 bits, and in- 
struction word length may be 16 or 
32 bits. Total instruction set, includ- 
ing a data communications subset 
and a data processing subset, is 277. 
Effective instruction execution time 
is 500 nanoseconds. The communi- 
cations processor in the model 55 
can support a programed 1/0 rate of 
more than 50,000 characters a sec- 
ond. 

Interdata, 2 Crescent Pl., Oceanport, N.J. 
07757 [361] 


Kit allows user to make 
his own memory system 


A core memory unit with a cycle 
time of 900 ns and an access time of 
325 ns consists of one control card 
and as many storage cards as re- 


quired (up to eight), each with 4,096 
18-bit words. The Mesa 1400 series 
can be purchased as a complete 
ready-to-use unit or in do-it-yourself 
kits that contain all the necessary 
drawings and core stacks. The kit is 
aimed at firms having their own 


electronic manufacturing capabil- 
ities and needing only the design 
drawings. The manufacturing cost, 
using the kit approach, will be about 
0.8 cent per bit. 

United Telecontrol Electronics Inc., 3500 
Sunset Ave., Asbury Park, N.J. 07712 [365] 


Disk-oriented computers 
use plated-wire memory 


A series of disk-oriented computers 
includes processor, card reader, 
printer, card punch, and disk sub- 
system. Each of the 9000 series D 
units, the 9210, 9211, 9214, 9311, 
and 9314, is compatible with other 
9000 computer peripherals and soft- 
ware, and each uses a plated-wire 
memory. Peripheral equipment 
available includes additional disk 


units for a total capacity of up to 
248 million bytes, magnetic tape 
units, printers, card readers with 


Nowsyoucan Cralation 


wide ley 
tip to Vapan 
for$400... 

ond telkte 


The vehicle? Nikkei Electronics — 
the Japanese version of Electronics 
Magazine published in Japanese for 
consumption in Japan only. 


Joint Venture 


Nikkei Electronics will be published 
bi-weekly by NIKKEI/McGRAW- 
HILL INC. — a joint venture of NI- 
HON KEIZAI SHINBUN and 
McGRAW-HILL INC. Nikkei Elec- 
tronics will be published entirely 
in the Japanese language including 
advertisements. For your conven- 
ience in placing advertising in 
Nikkei Electronics, the sales staff 
of Electronics Magazine has been 
designated as your liaison. 


Bite iss 


The editorial staff of Nikkei Elec- 
tronics consists of ten full-time 
editors plus contributions from 
Electronics editors, the McGraw- 
Hill World News staff and the news 
services of NIHON KEIZAI SHIM- 
BUN-—the world’s largest publisher 
of financial newspapers. 


Every two weeks, these editors will 
produce a news and _ technology 
Japanese language magazine for 
electronics engineers in Japan. 
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® Nikkei Electronics will begin pub- 
lication with a paid Japan circu- 
lation of 15,000 in April and with 
a guaranteed paid Japan circula- 
tion of 20,000 within the first year 
of publication. 


Nikkei Electronics circulation is 
restricted to: engineers and man- 
agement in companies manufac- 
turing electronics products; users 
of electronics products; and 
managers of governmental and 
independent R&D; educational 
and electronics studies associa- 
tions. 


The subscriber universe for 
Nikkei Electronics is 120,000 elec- 
tronics engineers plus 18,000 new 
engineers graduating annually. 


* Nikkei Electronics is the only 


Japanese Electronics magazine 
going ABC. All others are not 
audited. 


e @ q 
Nn 

NikheiElehonics 
* If you sell, or want to sell your 

products in Japan, you can talk 

to 20,000 buying influences in 

their native tongue for just $400 

a page. 


If you are already advertising in 
any of the unaudited lesser media 
in Japan, here is your opportunity 
to consolidate your schedule in 
the one strong medium, make a 
dominant impression and save 
advertising dollars. 


If you are interested in advertising 
in Nikkei Electronics contact your 
local Electronics salesman or any of 
the Electronics sales offices in the 
U.S. and Western Europe. 


Ned he: 
Eltroma 


A Nikkei /McGraw-Hill Publication. 


New products 


speeds of up to 1,000 cards per min- 
ute, and console-inquiry units. Price 
is $131,040. Rental for one year is 
$3941 monthly; for three years, 
$3,450; and for five years, $3,122. 
Sperry Rand Corp., Univac Div., P.O. Box 
500, Blue Bell, Pa. 19422 [367] 


Remote intelligent terminal 
scans at 10 in. per second 


A remote intelligent terminal, a 
desktop or floor-model optical char- 
acter reader, is designed for use in 
decentralized systems of terminal 
devices for source-document auto- 
mation. The transport mechanism 
moves documents past the scanner 
at a constant rate of 10 inches per 
second, and power requirements are 
60 Hz, 115 Vv ac, single-phase fused 
for 10 amperes. Price of the model 
RIT 200 is about $5,000 each for 50 
machines, and rental for end users is 
$250. 

Input Business Machines Inc., 12111 Park- 
lawn Dr., Rockville, Md. 20852 [364] 


Microfiche recorder has 
internal film processor 


Chemical plumbing, conventional 
film processing, and darkroom labs 
for microfiche processing are elimi- 
nated with Quantor Corp.’s model 
105 microfiche production system, 
which has an internal automatic 
film processor. The system includes 
software for file indexing, titling, 
and formatting. 

The 105 delivers cut, dried micro- 
fiche at a typical rate of one micro- 
fiche a minute, or 12,000 computer 
pages.per hour. And since the film is 
processed inside the recorder, the 
unit can be used in the computer 
room. Operation is off-line on mag- 
netic tape prepared by the host 
computer with software supplied. 
Two packages have been developed 
so far. They are the AME microfiche 
editor, and FAME, a formatting ver- 
sion of AME. Both are compatible 
with operating and disk operating 
systems of IBM 360 and 370 comput- 
ers, and can be written in Cobol or 
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other generally used languages. 

The same film roll can be used for 
several production runs. The first 
fiche of a run is ready for viewing or 


duplicating within four minutes, 
and the rest are produced at the rate 
of one a minute at average com- 
puter page densities of 5,000 to 
6,000 characters. The microfiches 
are standard 4-by-S-in. positives or 
negatives containing 208 pages each 
at a 42 reduction, settable to 24x 
reduction. 

Quantor Corp., Cupertino, Calif. [363] 


Terminal prints at speed of 
165 characters a second 


A line printer designated the model 
101A prints a 9-by-7 dot matrix at 
speeds of up to 165 characters per 
second. A 64-character set is pro- 
duced by the matrix arrangement, 
and transmission rate (serial) is 
4,800 baud; for parallel, it is 75,000 
characters per second. Options for 
the 101A include line drivers, char- 
acter set configurations, and an 
elapsed-time indicator. Price is 
$4,130 in single units. 

Centronics Data Computer Corp., 1 Wall St., 
Hudson, N.H. 30351 [368] 


QUALITY and SERVICE 
have just tied the knot 


/ 


ROBROY ang S.S.WHITE 


Plastics Division Plastic Closure Dept. 


CLOSURES 


Robroy Industries, oldest manufacturer of plastic pro- 
tectors, has acquired the S. S. White Industrial Division 
Plastics Department of the Pennwalt Corporation... 
the ‘‘Klosure King’’ product line of metal and plastic 
closures. Now, as one of the largest closure producers, 
Robroy is dedicated to providing the highest_quality 
protective closures for every conceivable application 
and the best service in the industry. Caps and plugs 
(male and female) are available in standard and special 
designs. Write or call today for prompt delivery. 


Our middle name is service! 


TT | WRITE FOR FREE CATALOG Be K 


ROBROY: | NousTRIES 


PLASTIC PROTECTOR DIVISION 
Box 218F, Morrisville, Pa. 19067 
Telephone: 215/295-4123 
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Introducing the 


four different sj 


obsolescence. 
It can make buying and ma ing a 
counter | nsive than ever before. 

lett-Packard 5300, 

the snap-together counter that’s not much 
bigger than the palm of your hand. It 
has six digit accuracy, solid state display 
and autoranging. It’ll make period, 
frequency, time interval and ratio 
measurements, operate on its optional 
snap-on battery pack and drive a printer. 
Rugged dust-proof aluminum case 
resists almost any bumps it might get in 
the field. Prices start at only $520 for 
one of the most amazing counters 
you've ever owned. 
Circle 114 on reader service card 


Start with the basic mainframe 
($395). Then snap on any of the 
following modules (more on the way) 
to make just the counter you need, 
and avoid obsolescence, too: 

10 MHz frequency module. Model 
5301A, $125. 

50 MHz all-purpose module in- 
cludes period, time interval. Model 
5302A, $250. 

500 MHz module with both 502 
and 1 M2 inputs. Model 5303A, $750. 

100 ns time interval module with: 
unique “time holdoff’’ feature, dc 
coupling, slope and trigger level con- 
trols, and period and frequency measure- 
ments to 10 MHz. All the functions 
you'd pay $1200 for in a universal 
counter. Model 5304A, $300. 


little counter thatcan. 


Rechargeable battery pack module 
works with any of the other modules for 
cord-free operation. Model 5310A, $175. 

The 5300 is one system you have 
to use to appreciate. If you’ve ever 
needed to accurately measure frequency 
or time interval, you owe it to yourself 
to call your nearby HP field engineer 
for further information. Or write 
Hewlett-Packard, Palo Alto, California 
94304; Europe: 1217 Meyrin-Geneva, 
Switzerland. 

Counters that promise a lot and 
deliver it all. 02109 


HEWLETT Y PACKARD 


ELECTRONIC COUNTERS 
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New products 


Semiconductors 
Logic clock 
built for TTL 


Statek puts low-frequency 


crystal oscillator 
in TO-5 can for 5-V circuit 


In their unending game of tradeoff, 
designers of systems using transis- 
tor-transistor logic have had only 
two ways to go when specifying the 
required 5-volt logic clock. They 
could use relatively large (2-by-1-by 


% inch) digital oscillator modules 
containing quartz crystals, or else 
higher-frequency (up to 5 mega- 
hertz) AT-cut crystals requiring rela- 
tively expensive TTL dividers to get 
down to 10 kilohertz. However, en- 
gineers at Statek Corp., Orange, 
Calif., have come up with what they 
think will be an attractive alterna- 
tive—a low-frequency crystal TTL 
clock oscillator specifically designed 
for 5-V logic circuitry, and housed in 
a TO-5 can [Electronics, Dec. 20, 
p. 18}. 

The SQxo-2 has a frequency 
range from 10 to 100 kHz, and is 
characterized by Statek president 
Juergen Staudte as having hybrid- 
type reliability. The unit can be 
made to meet Mil Spec require- 
ments in temperature, shock, and vi- 
bration: it can operate over the full 
military temperature range of 
-55°C to +125°C, with a stability 
over that range of +0.1%. It will 
withstand more than 1,000g in 


Electronics/January 3, 1972 


shock, and more than 50g of vibra- 
tion from 10 hertz to 2 kHz. 

Says Staudte, “You just plug it in, 
hook it to a gate, and it goes.” He 
knows of no other low-frequency 
TTL clock available in a TO-5 can. 
Inside the can are Statek’s photo- 
lithographically produced quartz 
crystals, mounted on a thin film 
substrate incorporating — resistors. 
The unit also contains three chip ca- 
pacitors and ‘three transistors in a 
hybrid design. 

Besides hybrid reliability in a her- 
metically sealed can, the SQxO-2 of- 
fers substantial size reduction and 
lower price in quantity over the 
module or AT-cut crystal competi- 
tors, Staudte claims. The competi- 
tors often have no shock or vibra- 
tion specifications, he points out, 
adding that other low-frequency 
quartz crystals can’t be operated at 
125°C, because their solder mounts 
won’t withstand that temperature, 
and a frequency shift results. 

Staudte notes that Statek has ac- 
cumulated more than 1,000 hours of 


operation on the quartz crystals- 


alone at 125°C. The device can be 
used in any TTL system that requires 
an accurate clock. 

The units are available in three 
centigrade temperature. ranges: 0 to 
70, -40 to +85, and -55 to +125. 
The 1-to-9 quantity price for the 
military temperature version is $84, 
dropping to $14 in quantities above 
1,000, and to $11 for 5,000 or more. 
Delivery for standard-frequency 
units is four weeks. 

Statek Corp., 1200 Alvarez Ave., Orange, 
Calif. 92668 [411] 


Metal oxide varistor 
protects against transients 


Based on a recently developed poly- 
crystalline technology, the GE-MOV 
line of metal oxide resistors intro- 
duced by General Electric Co. pro- 
vides protection against voltage 
transients while reducing the need 
for expensive higher-voltage semi- 
conductors. 

The varistors are voltage-depen- 
dent, symmetrical resistors that per- 
form in a manner similar to inverse 


series zener diodes. When a power 
surge occurs, the varistor impedance 
changes from a high standby value 
to a low conducting value. This 
clamps the line voltage in the safety 
zone, and the energy of the incom- 
ing high voltage is prevented from 
passing through the circuit compo- 
nents. 

Applications are varied, from 
consumer products to computers. 

Alpha values range up to 70, with 
a guaranteed minimum of 25. Nine- 
teen models for use in ac circuitry 
range in maximum energy-handling 
capability from 10 to 160 watt-sec- 
onds. Maximum peak current rating 
is 1,250 amperes, and ac voltage rat- 
ings range from 130 to 1,000 V rms. 

Prices start at $1.08 for low- 
energy-rated types and go to $18.09 
for the 160 watt-second models in 
1,000-lots. 
General Electric Co., Semiconductor Prod- 
ucts Dept., Building 7, Electronics Park, Syr- 
acuse, N.Y. 13201 [419] 


3,072-bit static ROM 
generates ASCII code 


A 3,072-bit MOS static read-only 
memory that generates the ASCII al- 
phabet font is intended for use in 
vertical-scan column-output CRTs, 
print character generators, panel 
displays and billboards for code 
conversion and microprograming 
applications. Organization of the 
model 2516 is based on 64 charac- 
ters, each consisting of eight 6-bit 
columns. Typical access time is 450 
nanoseconds and since all inputs 
operate at 5 volts, the model can be 
driven directly by TTL or DTL cir- 
cuits. Price is $19.50 for quantities 
between 100 and 249 units. 

Signetics, 811 E. Arques Ave., Sunnyvale, 
Calif. 94086 [416] 


Zero-voltage switch has 


short-circuit protection 
A zero-voltage switch is fabricated 
so that no emi is generated at the 


zero-voltage point. This makes the 
model MFC8070 suitable for power 


VS 


%o 


AMERICAN MADE 


Tolerance 


SCHAUER 


1-Watt 


ZENERS 


Immediate Shipment 


Low Prices 


ANY voltage from 2.0 to 18.0 
Quantity Price each 


1-99 $1.07 
100-499 .97 
500-999 91 
1000-4999 .86 
5000 up 82 


All welded and 
brazed assembly 


No fragile 
nail heads 


Write for complete 
rating data and other 
tolerance prices. 


seeds the kit- 
. Save 


Kit contains a 51-piece assortment 
of SCHAUER 1% tolerance 1-watt 
zeners covering the voltage range 
of 2.7 to 16.0. Three diodes of each 
voltage packaged in reusable poly 
bags. Stored in a handy file box. 
Contact your distributor or order 
direct. 


A $54.57 value for 


ONLY $9) 450 


Semiconductor Division 


SCHAUER 


Manufacturing Corp. 
4514 Alpine Ave. Cincinnati, Ohio 45242 
Telephone: 513/791-3030 


New products 


control applications, especially for 
driving resistive loads in noise-sensi- 
tive environments, and for voltage 
switching applications in heating 
controls, photo and valve control, 
lamp and relay driving, and flasher 
circuits. The units are designed for 
use in zero- voltage gating of triacs, 
and they provide their own input 
short- or open-circuit protection. 
Price for 1 to 99 units is $2.55; 100 
to 999, $2.00; and 1,000 to 4,000, 
Si.75: 

Motorola Semiconductor Products Div., P.O 
Box 20924, Phoenix, Arizona 85036 [418] 


Diode emitters provide 
green and yellow displays 


Semiconductor-type multiple-color 
displays and indicator lamps are 
practical now that light-emitting 
diodes in colors other than red are 
commercially available. Monsanto 
Commercial Products Co. is market- 
ing two alphanumeric displays, one 
green and one yellow, and green 
and yellow individual diodes for in- 
dicator lights. 

The green display, the MAN 5, is a 
seven-segment diode array with a 
0.27-inch character height and 
made from seven gallium phosphide 
segments. Housed in a 14-pin, dual 
in-line package, it sells for $10 each 
in quantities of 1,000. 

The yellow display, the MAN 8, 
mechanically similar to the MAN 5, 
but the emitting material is gallium 
arsenide phosphide. Price is $18.75 
each in lots of 1,000. 

The discrete devices, indicator 
lamps for panel mounting, are the 
green MV5222 and the yellow 
MV5322. Both have a typical bright- 
ness of 300 foot-lamberts at 50 mil- 
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liamperes of rated current. The 
green unit sells for $1.95 each in 
1,000-unit quantities, and the yellow 
diode for $3.95. 

Monsanto Commercial Products Co., Elec- 
tronic Special Products, 10131 Bubb Rad., 
Cupertino, Calif. 95014 [413] 


Center-gate triacs 
are glass-passivated 


A %4-in. press-fit series of 30-and 40- 
ampere electrically isolated triacs 
incorporate center-gate geometry 
and glass-passivated, dual-mesa 
construction. The chips are passi- 


x 


vated with a dense, void-free and 
sodium-free glass that provides a 
hermetic seal and eliminates punch- 
through and burn-through prob- 
lems. The method also prevents 
fractures that can occur as a result 
of dicing. The units are available in 
chip form as well. 

Hutson Industries, 2019 W. Valley View 
Lane, Dallas, Texas 75234 [415] 


Dual-input sense amplifier 
aimed at core-memory jobs 


Two differential-input amplifiers, a 
second stage amplifier, a dc restorer 
circuit, and an output logic gate 
comprise the CA3541D dual-input 
sense amplifier, intended for core 
memory applications. The monoli- 
thic silicon device converts low-level 
core-memory “1” pulses to satu- 
rated-logic-level output pulses. Ei- 
ther of the input amplifiers may be 
gated ON with a saturated logic sig- 
nal so that the incoming plus or 
minus pulse can be distinguished 
from either of two sense lines. Price 
in 1,000-lots is $6. 

RCA Solid State Div., Route 202, Somerville, 
N.J. 08876 [417] 
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5 compelling 
reasons ; 
why Electronics Is 
your passport to 


the world 
of electronics 
marketing 


Electronics is the best-read magazine in 
its field in Europe. 


Electronics contains more marketing in- 
formation that pertains to Europe than any 
other magazine in its field. 


Electronics has the highest pass-along 
readership of any magazine in its field. 


More of the world’s leading electronics- 
equipment manufacturers advertise in 
Electronics than in any other magazine in 
its field. 


Advertisers may elect to reach only the 
Electronics audience of 16,000 outside 
of the U.S. and Canada through the Inter- 
national Advertising Section, which is 
available in all issues. You may, of course, 
also use the full run, which reaches 86,000 
Electronics subscribers world-wide. 


For more reasons why Electronics is the best 
place to reach your local markets, ask your 
Electronics representative. He can provide you 
with a personal copy of our new Electronics Inter- 
national Profile Study and a copy of the only 
European Product Preference Poll available. 


Electronics 


THE INTERNATIONAL MAGAZINE ae 
OF ELECTRONICS TECHNOLOGY JWinlfl 
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Decorator Push Button Switches 


Front panel bezel mounting 


&® © ©= 868 


Sub-panel mounting 


Their good looks are 
more than button-deep 


Handsome is as hand- orator Line. Buttons are 
some does. These push but- red, black, yellow, green, 
ton switches represent the blue, or white; round or 
ultimate in engineering. square. Square ones can be 
materials, finishes and hot stamped with legend. 
manufacture—Grayhill all 


i 2 
the way. Like to know more? 


Write or phone for our 
latest general engineer- 
ing catalog. Grayhill, 
Inc., 523 Hillgrove Ave., 
La Grange, IIl. 60525, 
(312) 354-1040. 


Grayhill 


. the Difference Between 
Excellent and Adequate 


Depending on style, 
momentary or alternate 
action, type of service, 
their life expectancies 
range from 200,000 to 
1,000,000 cycles. 

For an attractive front 
panel with the proper push 
button circuitry behind it 
specify the Grayhill Dec- 

Circle 138 on reader service card 


mE=v 


BUCKEYE 


19 "circuit BoannD RACK 


and GUIDES with 
mc spacing 


ee Rs 


cet le 


4 


CUTS TIME AND 
ASSEMBLY COST 


Flexibility of the unique design of these new Bord-Pak components 
brings maximum simplicity to the 19” Circuit Board Rack. Fewer 
parts, less assembly time and lower cost. Racks completely assem- 
bled in lots of 1 to 24. Partially assembled in larger quantities. 1% , 
Y2 and % racks also available. Write for details. 


© the BUCKEYE stamping co. 
555 Marion Rd., Columbus, Ohio 43207 


“QUALITY PRODUCTS SINCE 1902” 
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SEARCHLIGHT SECTION 


@ CLASSIFIED ADVERTISING @ BUSINESS OPPORTUNITIES 
e@ USED OR SURPLUS EQUIPMENT 


RECON DRONE CONTROL RADARS 


X Band systems autotrack and search complete with 


TRACK MOUNT 
plotting boards. Fully mobile van mounted. Gives PPI 


AUTOTRACK slant range. altitude data. Ground to air control links 
SCR-584 RADARS and beacons also in stock. AN /MPQ-29 & AN 


360 degree azimuth, 210 UPW-1 

degree elevation sweep with AUTOMATIC TRACKING SYSTEM 
better than | mil. accuracy SCI. ATL. MOD. 3101-370 Antenna Pedestal. AZ-EL 
Missile velocity acceleration 15 deg. per second rated speed. 23 inch dia. bearing 
and slewing rates. Ampli- Complete w / constrol console & mag. amplifiers 

dyne and servo control. Will : 

handle up to 20 ft. dish. Sup- SPARE PARTS IN STOCK 

plied complete with control Nike Ajax, Nike Hercules, M-33. MPS-19, TPS-ID 
chassis. ALSO in stock = 10 TPS-10D. FPS-6. SPSX, SCR-584. HIPAR 


em, van mounted radar sys- 
= tem. Conical scan. PPI. 6 ft RADAR & RF PKGS. 
ta £ i *s. dish. Ideal for S band tele- 34ghz 40kw Pulse RE pkg 
SS ~.- metry, weather. baloon trk, 24ghz 40kw Pulse bomb toss system 


Dulce B-5S8 searc ‘i 
missile trk, rocket trk, ECM range. Write for complete l6ghz 130 kw Pulse B-S8 search radar system 


data. 600 pg. instr, bk. avail. at $25 ea x many AUTOTRACK 250K W PULSE M-33 
compl w / plot boards 

HAWK MISSILE DOPPLER RADAR X BAND AUTOTRACK S0KW PULSE B-47 

CW low power illuminator, AN / MPQ-33, Dual anten- fire control complete 

nu on single mount. Van mounted. Complete X band C BAND 5 MEGAWATT PULSED KLYST. 

doppler tracker AN / FPS-26 Ht. Finder 

PATH LOSS MEAS. FACILITY C BAND 1 MEGAWATT AUTOTRACK 

Mtg. REL For establishing max. xmsn paths for tropo 10ft dish mortar locator MPQ-21 

and microwave links. 2 heli-hut vans. Covers 1-2-Sghz C BAND 285KW PULSE Search AN / SPS-5 / 10 

bands. 20 to 120 watts CW output S BAND | MEGAWATT COHERENT AN / FPS-18 

PHOENIX MISSILE SYSTEM S BAND 1 MEGAWATT PULSE NIKE ACQ. 

10” PPI. 5” B and C displays. and complete digital com- L BAND 1 MEGAWATT PULSE AN | UPS-1! 

puter consoles L BAND S00KW PULSE AN /TPS-ID / I 

IBM 704 SCIENTIFIC COMPUTER FRE ROUT ORT A Ee 


400mhz IKW CW AN / FPS-23 


w / peripherals & programs. Cost $2,000,000. Our price 396 fs ae “ — 

$10,000 sears | MEGA are LSE AN / SPS-2s 

MIT MODEL 9 PULSER 1 MW—HARD TUBE < ‘ hier 

Output 25kv 40 amp.. 30kv 40 amp. max. Duty cy. .002 CW .950-Sghz 150 WATTS 

25 to 2 microsec. Also 5 to 5 microsec. and .1 to .5 mi- CW 1-5mhz-10. oghz 5 W ATTS 

crosec. Uses 6C21. Input 115v 60 cycle AC. Mfg. GE CWS & X BANDS 300-600WATTS 

Complete with driver and high voltage power supply AN y GPG-1 SKYSWEEP TRACKER 

Ref: MIT Rad. Lab. Series, Vol 5, p. 152 3 ¢m. auto, tracking radar system. Comp 
MEGAWATT PULSER HUNDREDS MORE IN STOCK =o pkg. w / indicator sys. Full target acquisi- 

as kv at 70 amp. Duty cycle .001. Rep LARGEST RADAR = Lion & auto. tracking. Input I 15v 60 cy. new 

rates, | microsec. 600 pps. 1 or 2 msec. 300 INVENTORY In stock for immed. del. Entire sys. 6 x 3’ x 

pps. Uses 5948 hydrogen thyratron. Input IN WORLD 10’. Ideal for infrared tracker, drone tracker 

120 / 208 VAC 60 cycle. Mfr. GE. Complete * missile tracker, R & D 

with high voltage power supply CATV-COLOR 

2 MEGAWATT HARD TUBE PULSER rerauog 40 MICROWAVE LINKS 

Output 40kv at 50 Amps. Duty cy. .0038 ON YOUR Ratheon type KTR-1000. Fullcolor band- 

Var. pulse width. Compl. with driver and HV LETTERHEAD width as well as studio audio. Rack mounted 


power supply. Input 208V 60 hz Complete trans-reevr racks in stock 


Radio-Research Instrument Co.inc. 
3 Quincy St., Norwalk, Conn. 06850 ¢ 203-853-2600 
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John R. Sauer, Pres. 


HOW TO BECOME 


FINANCIALLY» 
INDEPENDENT!” 


Intrested in a prestige and profitable 
business of your own? Write for valuable 
new, 50-page FREE booklet, NEW ROADS 
TO OPPORTUNITY AND WEALTH. 

E.L.E.R. INTERNATIONAL, P.O. Box 1637 
Englewood, Colorado 80110 (303) 770-1121 


Sold! 


“Please discontinue our ad in “Searchlight” 
as we have sold the equipment through this 


advertising.” 


Can “Searchlight” Serve You? 
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Remember... 


MAIL MOVES 
THE COUNTRY 


BUH: ..<.- 


ZIP CODE MOVES 
THE MAIL 
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New books 


Digital Design, R. K. Richards, 
John Wiley & Sons Inc., pp. 577, 
$22.50 


Digital Design is readable, lucid, 
and an almost ideal text on digital 
machine design or reference book 
for the practicing designer. It is free 
from encumbering mathematics and 
dependence on specific component 
technologies, except when _neces- 
sary, and affords an excellent in- 
tuitional grasp of the various con- 
cepts. 

This is not a book solely on com- 
puters, and should not be compared 
to previous books in the computer 
area. Instead, it is intended to in- 
form the reader about the building 
blocks used to construct various 
types of digital machines, including 
the digital computer. 

Coverage includes Boolean al- 
gebra and minimization techniques, 
sequential network theory, digital 
coding, binary and decimal arithme- 
tic as well as other digital oper- 
ations, and the general-purpose 
digital computer. As an introductory 
text, it seems thin in such areas as 
information theory and general-pur- 
pose computers. Some confusion 
also results from the order of pre- 
sentation: the author makes refer- 
ence in Chapter 7 to “variable in- 
struction length’? and an ADD 
instruction without providing a 
proper base of understanding for 
the student reader (the computer is 
not discussed until Chapter 9). 

Not all topics discussed are 
clearly pertinent to digital design. In 
Chapter 8, the author discusses sort- 
merge techniques, in which context 
it is not obvious what digital elec- 
tronics design methodology is being 
explained. Conversely, some perti- 
nent topics are not presented: the 
author concludes Chapter 8 with a 
comparison of arithmetic checking 
schemes, but omits one of the best- 
known techniques of logic design, 
two-rail logic. There are also a few 
typographical errors. 

Nonetheless, this is a fine intro- 
duction to digital logic design, and 
includes many techniques not prev- 
iously treated in textbooks. 

Donald C. Jessep, Jr., 
IBM Corp., Yorktown Heights, N.Y. 
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New literature 


Engineering reports. McGraw-Hill’s 
1972 Catalog of Scientific, Engineer- 
ing and Business Reports is avail- 
able from Information Services, 
McGraw-Hill Publications Com- 
pany, Box 812, Times Square Sta- 
tion, New York, N.Y. 10036. The 
catalog lists for sale more than 400 
reports prepared by McGraw-Hill’s 
40 specialized publications and 
newsletters, and covers a wide range 
of subjects from engineering funda- 
mentals, industrial service equip- 
ment, and applied technology to 
computers, industry and market 
analyses, and managerial controls. 
Circle 421 on reader service card. 


Marketing manuals. In a 16-page 
catalog, Schoonmaker Associates, 
P.O. Box 35, Larchmont, N.Y. 
10538, lists handbooks for the guid- 
ance of engineering and marketing 
managers in electronics industries. 
The manuals stress marketing of 
technical products and include in- 
formation on sales management, use 
of manufacturers’ representatives, 
and market research. [422] 


Control products. A 154-page cata- 
log from Airpax Electronics, Con- 
trols Div., P.O. Box 8488, Fort Lau- 
derdale, Flas: 33310; piyes 
descriptions, application informa- 
tion, and specifications for more 
than 70 industrial measurement and 
control products. They include digi- 
tal process monitors, switches, re- 
lays, and converters. [423] 


Optical components. Baird-Atomic 
Inc., System Components Div., 125 
Middlesex Turnpike, Bedford, 
Mass. 01730, describes optical com- 
ponents and accessories in a 36- 
page bulletin that includes informa- 
tion on optical interface and exciter 
filters. [424] 


Card edge connectors. Elco Corp., 
Willow Grove, Pa. 19090, has made 
available a 3l-page guide to card 
edge connectors. Four new series of 
connectors are listed, with descrip- 
tions, specs, and drawings. Two new 
types are discrete connectors for 
wire-wrapping applications, and the 
other two result from the new press- 
fit technology. [425] 
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the grabber. 


Our plunger action Mini-Test Clip 

is designed specifically for reaching 
into densely packaged miniaturized 
circuitry to make rapid, reliable tests. 


* Gold plated copper contact hook makes positive 
connection, and won’t damage lead wires. 

* Specially designed tip slides down over square 
Wire-Wrap*pins for solid contact. 

* Integrally molded wire assures greater reliability 
and eliminates time-consuming assembly. 

* Molded nylon probe provides complete insulation 
to point of connection. 

+ Four models offer widest selection of connecting 
plugs. Write for complete information and prices. 


POMONA ELECTRONICS 
1500 E. Ninth St., Pomona, Calif. 91766 - Telephone: (714) 623-3463 


"Registered trade-mark of Gardner-Denver Co. 
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Roll Out the Red Carpet 
— For Toko’s 
New Low Cost 
High-Speed 
Memory 
System 


Here’s a real eye-opener for computer 
designers—Toko’s new 65K byte memo- 
ry system, HS-400L. It’s constructed with two 
basic sub-assemblies—-woven-plated-wire memory stacks 
and electronics packages. Designed for medium and large scale 
computers, the HS-400L offers high reliability, easy maintenance and a 
flexible arrangement of word lengths. 


General Specifications: ® Memory Capacity: 32,768 words—18 bits (Internal Or- 
ganization is 8K words—72 bits) @ Access Time: 220 ns Random Access @ Cycle 
Time: Clear/Write 450 ns Read/Restore 450 ns @ Operating Mode: Destructive 
Read-Out @ Temperature Range: 0° C to 50° C (Operating) @ Measurement: 
16.5(H) x 19.0(W) x 10.0(D) @ Interface Level: TTL compatible @ Power Dissipa- 
tion: 0.3 m W/bit max. 


For further information, just call or write 


[ & TOKO, INC. 


Head Office: 
a New York 


Los Angeles: 


1-17, 2-chome, Higashi-Yukigaya, Ohta-ku, Tokyo, Japan 

Toko New York Inc. 

350 Fifth Avenue, New York, N.Y. 10001 U.S.A. Tel: 565-3767 
Toko, Inc. Los Angeles Liaison Office 

1830 West Olympic Blvd., Los Angeles, 90006 Cal, U.S.A 
Toko, Inc. Europe Liaison Office 

4 Disseldorf, Kolner StraBe 246, Dusseldorf, W. Germany Tel: 78-7064 


Tel: 380-0417 
Diisseldorf 


Circle 119 onreader service card 119 


iT youve been looking tor a miniature 
crystal-controlled clock oscillator 
ina 14 pin DIP package to fit standard 
PC board sockets, stop looking and 
Start pibony Pd the KIO9IA spec. 
Sheet from Motorola Component 


Products Dept. 4545 W. Augusta Blvd. 
065I. (AA) MOTOROLA 


Chicago, Ill. 


Ferranti lands 
CDI contract 


All-color network 
moves closer 
in France 


Computerized phone 
center in Rotterdam 
finally goes on line 


Franco-German 
airbus passes a 
funding hurdle 


British company 
cuts the bulk of 
low-light tubes 


International Newsletter 
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Ferranti Ltd. has made a good start in its effort to make a success.of 
high-density bipolar integrated circuits based on collector diffusion isola- 
tion (CDI) processing. The company will develop and supply a custom 
LSI CDI chip to the leading British calculator maker, Sumlock Anita Ltd. 
for a new single-chip calculator. Ferranti men are jubilant because they 
figure that the work will be worth well over $1 million. Neither company 
will disclose details, but the major reasons for choosing a CDI bipolar 
chip instead of MOS are the lower voltage requirements of CDI—leading 
to longer battery life—and its superior speed/power product for the 
calculator application. 


France’s broadcasting monopoly, the Office de Radiodiffusion Television 
Francaise (ORTF), will be investing about $35 million in studio and 
transmission equipment this year, nearly double the 1971 investment. 
The big budget should enable ORTF to launch its third nationwide 
network, an all-color venture, by the end of the year. About 80% of the 
budget will go for transmission hardware, including more than 100 trans- 
mitters to carry the new programs. ORTF is also expanding its currently 
meager facilities to beam programs to foreign countries. Thomson-CSF, 
a world leader in high-powered transmitters, is supplying all eight 500- 
kilowatt transmitters in the program. 


Almost two years behind schedule, a pioneering computer-controlled 
telephone trunk-line switching center has been put into operation in 
Rotterdam. Built by Sweden’s L M Ericsson, it is the first multicomputer 
center and has an initial capacity of 2,400 incoming and 2,400 outgoing 
trunk-lines. It can handle a half-million national and international calls 
per day. Even though Ericsson has had long delays before it managed to 
get the station working properly, it has received orders for at least 15 
similar centers for installation in a half-dozen countries, 


Rumors to the contrary, continued work on the French-German Airbus 
A-300B, a medium-range transport, is assured. In its last session before 
the Christmas recess, Bonn’s coalition cabinet approved continued financ- 
ing of the project and gave the go-ahead for the production of the plane’s 
first series. It also approved the development of special versions with 
either greater range capabilities or higher seating capacities. Earlier, 
it was feared that production of the aircraft was in serious jeopardy 
because of differing customer requirements for range and passenger- 
carrying capabilities. 


Britain’s military authorities are looking at a new, small, low-light-level 
TV camera tube. The tube, with a 214-inch-diameter faceplate, performs 
as well as established 3-in. isocons, says its maker, English Electric Valve 
Co. The smaller diameter and a 33% reduction in length—down to 10 in. 
—means yokes are very much smaller. Total assembled weight is, there- 
fore, only one fifth that of the bigger tube. And, since power requirements 
are less, total TV system size is reduced. The tube gives 300-line resolu- 
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Japan revises 
industrial growth 
estimate downward 


AEG-Telefunken | 
trims entertainment 
product operation 


Japanese makers 
cut calculator 
export prices 


Addenda 


International Newsletter 


tion and a 24-decibel signal-to-noise ratio with 10° foot-candles incident 
on the photocathode. The key to the tube’s performance is its relatively 
large target—1.44 in. compared with the 1.77 in. target in the 3-in. tube. 


The revaluation of the yen—together with a domestic downturn in the 
economy and a disruption of trading patterns—has slowed the growth in 
Japan’s industrial and commercial sector. In a revised long-term forecast 
just released, the Electronic Industries Association of Japan puts indus- 
trial and commercial production at $4.94 billion in 1975, compared with 
$1.7 billion in 1970. This works out to an average annual increase of 
23.8%, Last year the group’s forecast put 1975 production at $6.21 billion, 
an average yearly growth of 29.3%, The fastest growing category is com- 
puters and related equipment. Production is expected to rise from $1.7 
billion in 1970 to $3.9 billion in 1975, for a whopping 30% gain annually. 


The changing structure of West Germany’s entertainment electronics 
market—declining profits and rising Japanese competition—has forced 
AEG-Telefunken to an agonizing reappraisal. And, as a first step, the 
company has decided to concentrate on high-quality TV, radio, phono- 
graph, and recorder manufacturing and centralize control over that pro- 
duction area in one subsidiary headquartered in Hanover. At the same 
time, production at some of the company’s far-flung plants will be sharply 
curtailed. 

Company marketers figure that by 1980 Japanese-made portable black- 
and-white TV sets, for example, will account for 90% of sales in West 
Germany. In color TV, where imports now claim 6%, they expect the 
foreign share to reach 30% by the end of the decade. Foreign made 
portable radios, now accounting for roughly 58% of the West German 
market, will have a 75% share by 1980. And foreign “pocketables” have 
already reached 100%. 


The 23 companies in the Japan Machinery Exporters Association that 
export electronic calculators have reduced the minimum FOB price to 
about $65 during the first six months of 1972. This price is about $20 
below the current minimum price—and actually represents a bigger reduc- 
tion because it has been extended to apply to all calculators without 
memories regardless of the number of digits. The earlier minimum was 
for eight-digit no-memory calculators only. Extensive use of LSI circuits 
has eliminated much of the price differential anyway, and the increas- 
ing use of multidigit displays will further reduce the differential. 


Canada may become an assembly station for Japanese consumer elec- 
tronics products. Matsushita is thinking of assembling knocked-down 
color TV sets in a building in Toronto that it bought two years ago as 
a warehouse. . . . And Sanyo Electric Co. has just received Japanese 
government approval to set up a 50-50 joint venture with Magnasonic 
Canada Ltd. to manfacture TV and stereo sets. . . . Honeywell-Bull has 
won a contract to install a central computer for the Norwegian govern- 
ment, which is setting up a central agency to handle the data processing 
needs of Norway’s public institutions. 
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Significant developments in technology and business 


Liquid crystal, 
C/MOS watch 
gets market date 


Seiko, first to market 
quartz crystal watch, will 
have all-electronic model 
available by later this year 


The Seiko group of companies has 
just shown the prototype of an all- 
electronic wrist watch with a liquid 
crystal display, and it plans to start 
sales of commercial versions this au- 
tumn, priced in the $300 to $400 
range in Japan. That timetable 
should help the company maintain 
the lead it gained when it put the 
world’s first quartz crystal electronic 
watch on the market in 1969. 

The new watch starts out with the 
same 16,384-hertz crystal oscillator 
as present electronic watches. It also 
uses standard C/MOS MSI 14-step 
scale-of-two divider circuits to ob- 
tain l-second pulses. A simple driv- 
ing circuit for the stepping motor or 
other electromechanical transducer 
completes the electronics in present 
electronic watches. But the new 
watch requires about five times as 
many electronic circuits. 

Circuits. The all-electronic watch 
requires a scale-of-60 counter for 
the seconds indication, another 
scale-of-60 counter for the minutes 
indication, and a scale-of-12 or -24 
counter for the hour indication. It 
also needs decoders and driver cir- 
cuits for driving the liquid crystal 
display digits. A dc-to-de converter 
is needed to raise the 3 volts from 
the two silver oxide cells to the 15 v 
required by the display. With 
C/MOS circuits, a total of about 
1,500 individual transistor and 
diode elements are required. 

Thus, in addition to the 14-step 
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divider designed for its other elec- 
tronic watches, Seiko uses about 15 
commercially available C/MOs chips 
including counters and decoder- 
drivers. 

Despite all the electronic circuits 
in the new watch, power consump- 
tion does not increase propor- 
tionally. The complementary MOs 
circuits require power only when 
changing state, so that the power 
consumption of the slower speed 
dividers is negligible. The biggest 
power drain is the liquid crystal dis- 
play, which uses seven-segment di- 
gits, with each segment drawing less 
than 0.1 microampere at 15 Vv when 
turned on. This translates into about 
15™A input to the dc-to-de conver- 
ter. The crystal oscillator draws 
about 1A and the 14-step divider 
another 0.5uA. Total current drain is 
roughly 20uA. 

Replaceable. The display has a 
lifetime of several years, but it is 
quite inexpensive and could be 
stocked for replacement. The liquid 
crystal material itself is a proprie- 
tary compound that can be used 
over the range from -10° to + 50°C. 

To reset the prototype, the user 
pushes a reset button, then pushes 
hour and minute buttons to reset 
these displays. The numbers ad- 
vance by one for each push. When 
hour and minute displays have been 
reset, the user waits for the precise 
second for which watch is set and 
pushes the start button. The second 
display changes at l-second inter- 
vals, both to enable the user to time 
down to | second and to give a 
quick indication that watch is oper- 
ating. The liquid crystal’s response 
time is measured in tens of millise- 
conds and is fast enough to follow 1- 
second changes. 


Numerals. Seiko’s all-electronic watch 
drives liquid crystals with C/MOS circuits. 


Key to commercial production of 
the watch is fabricating all circuits 
on one or two LSI chips with good 
yield. Seiko hopes to be able to fab- 
ricate the chips itself and is setting 
up fabrication facilities at two of its 
Japanese watch manufacturing 
plants. Seiko executives feel that 
two competing groups give them 
twice the chance for success, espe- 
cially since the same approach en- 
abled it to be the first company in 
the world to produce an electronic 
watch. 


Japan 


Analog IC builds 
compact pushbutton phone 
Japan’s telephone company has 


built a compact prototype telephone 
made possible by an analog-type in- 
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tegrated circuit that can survive the 
high voltage and demanding condi- 
tions of telephone service. The com- 
pact handset contains the trans- 
mitter, receiver, and pushbutton 
keyboard. Mounted in the base are 
a speaker, a tone ringer, and a vis- 
ual indicator to signal that a call is 
waiting. 

The Mushashino Electrical Com- 
munication Laboratory of the Nip- 
pon Telegraph & Telephone Corp. 
has designed most of the circuitry 
on a chip that falls between small- 
scale and medium-scale integration. 
The chip, the speech IC, contains 23 
transistors, two of which are field-ef- 
fect devices; seven diodes, of which 
three are zeners; and 33 resistors. 

On line. The speech IC can oper- 
ate under the unique telephone con- 
ditions of high de voltage for the 
signaling circuit that must be trans- 
mitted over the same wires used to 
transmit speech. The speech IC con- 
tains constant-current and constant- 
voltage power supplies to compen- 
sate for variations on the line. 

The constant-current power sup- 
ply has a high impedance that pre- 
vents shorting the signal voltages. 
The constant current it receives 
from the telephone line is also opti- 
mum for holding the speech-path 
relays at the exchange. The con- 
stant-current regulator supplies the 
current-dependent circuits and de- 
livers the remainder to a constant- 
voltage regulator that supplies cur- 
rent-dependent circuits. Variations 
in supply voltage are absorbed by 
the regular circuits. Total power in- 
put and dissipation of the IC can 
vary from 0.3 watts to | W. 

The speech IC has an anti-side- 
tone circuit, which is essentially a 
two-transistor amplifier with a volt- 
age gain of one. It has a balanced 
network, with impedance propor- 
tional to the telephone line in the 
coupling circuit between the two 
transistors. 

Sidetone is suppressed because 
the voltage difference between the 
circuit terminals is nearly zero, and 
the input terminals of the receiver 
amplifier are connected between 
these two terminals. The caller’s 
voice or outside noise thus sends 
only a small input to the receiver, 


Extra features NTT's pushbutton phone not only uses integrated circuits, but has a light 
showing a Call is waiting, a speaker in its base, and a tone ringer instead of a bell. 


providing him with a muted sound 
of his own voice. 

By including two voltage-con- 
trolled attenuators, the need for set- 
ting the 3-dB attenuation pad at in- 
stallation, as in present telephones, 
is eliminated. The new phone at- 
tenuators are FET transistors con- 
nected across the transmitter and re- 
ceiver. The gates of the transistors 
are connected to a voltage pro- 
portional to the dc voltage at the 
telephone line terminals. These FETs 
are used as voltage-variable resist- 
ors, whose resistance is inversely 
proportional to gate voltage. 

The highest voltage normally ap- 
plied to the IC is about 40 v. Tran- 
sients in excess of 50 V are bypassed 
to ground by zener diodes external 
to the IC, but three zener diodes are 
included on the chip in the power- 
supply circuit. 

Mikes. Identical small magnetic 
microphones are used for both 
transmitting and receiving, thus 
providing production economies. 
When used as a transmitter, the 
mike has an output about 50 dB 
lower than the standard carbon 
transmitter. This reduced output is 
made up by an amplifier on the 
speech IC chip with a SO dB gain. 
The amplifier is designed with a 
gain characteristic that decreases as 
a function of frequency because the 
output of the magnetic transmitter 
rises with frequency. Another im- 


portant characteristic required of 
this amplifier is a very low output 
impedance. 

As a receiver, the mike is basically 
similar to those used in conven- 
tional telephones, but its sensitivity 
is 5 dB lower because of its smaller 
size. Thus, a 5-dB amplifier is used. 

No hands. For using the speaker, 
an IC amplifier mounted on the hy- 
brid IC used to generate tones for 
pushbutton dialing amplifies the 
signal, and a magnetic microphone 
much larger than the one used in 
the handset is the speaker. 

The telephone is also designed so 
that a projection on the base de- 
presses the No. 2 pushbutton when 
the handset is rested on the base. 
This sets the oscillator to the 1,366- 
hertz position. When the 16-Hz ring- 
ing signal is received from the ex- 
change, it is modulated by the os- 
cillator and fed to the speaker. This 
“tone ringer” replaces the bell. 


France 


Three simple sensors 
monitor premature babies 


Premature babies in a few Paris hos- 
pitals are breathing easier these 
days—and it’s all being monitored 
by a compact machine developed by 
a Polish immigrant named Rom- 
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uald Plaszczynski. Thomson Medi- 
cal Telco, where Plaszczynski works, 
hopes the Neo-Natal system will 
make life easier for the incubator 
set—and their concerned mothers— 
around the world after the machine 
is launched commercially early this 
year. 

Plaszczynski has borrowed space- 
age medical techniques to monitor 
breathing, heartbeat, and body tem- 
perature with two  stick-on elec- 
trodes and one temperature sensor, 
instead of the usual array of nasal 
thermistor, anal thermometer, and 
sensors for chest expansion and 
heartbeat. 

Alarm system. Neo-Natal, which 
will sell for around $1,500, enables 
an untrained nurse to give intensive 
care to a ward of premature babies 
without neglecting any of them. The 
system is equipped with visual and 
audible alarms that signal whenever 
any of the three parameters vary 
outside of pre-set levels. 

“It’s easier to operate than a tele- 
vision set,” says Plaszczynski. “A 
mother could easily handle it at 
home.” It is aimed mainly for use in 
hospitals, however, and it has been 
undergoing a test program in Paris 
for the past six months. The devel- 
opers say the system’s main advan- 
tages are the capturing of three es- 
sential body functions with a 
minimum of equipment and au- 
tomatic processing by a small, inex- 
pensive instrument. 

The breathing and heartbeat 
readings are recorded by a 0.1 mil- 
liampere electric signal put out by 
Neo-Natal’s 50-kilohertz oscillator. 
The resistance encountered by the 
current as it passes from one side of 
the body to the other varies as the 
lungs inhale and expel air. The re- 
ceiving electrode picks up a signal 
with rhythmic ups and downs in im- 
pedance that correspond to the res- 
piratory cycle. 

Curve. At the same time, the heart 
is producing a regular electric pulse 
that is picked up by the same elec- 
trode. The readout thus contains 
both heartbeat and respiration su- 
perimposed on a single curve. 

Plaszczynski says he is especially 
gratified to see hospitals satisfied 
with the instrument. “When I see 
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the doctors, and they tell me they 
have saved two lives this week, I feel 
I have done something useful,” he 
says. 


Great Britain 


UK space effort boasts 
technology improvements 


Although the United Kingdom is 
spending only about $8 million a 
year on its own spacecraft, officials 
contend that in some ways they are 
getting more mileage for their 
money than the Americans with 
their more ambitious programs. The 
Royal Aircraft Establishment (RAE) 
has been spending on satellites that 
try to improve on NASA’s methods 
where possible. Component specifi- 
cations have been increased above 
American standards. 

Seven up. The British have 
launched four satellites in a scien- 
tific series. The last, called UK-4, 
went up with five ionosphere prob- 
ing experiments—one American—on 
Dec. 11, propelled by an American 
Scout rocket. Three -have been 
launched in a technology proving 
series. Last of these was X-3, 
launched on Oct. 28 by a British 
Black Arrow rocket. The only defi- 
nite successors will be UK-5 and X- 
4. The former will carry six X-ray 
experiments, including an American 
one, and go up in two years. 

Though this program may seem 
extremely modest, British space 
technologists get hot under the col- 
lar if it’s suggested that all they’ve 
done is repeat American work. “I 
can list half-a-dozen ways in which 
we’ve improved on U.S. methods,” 
says Dennis Allen, RAE project offi- 
cer for X-4 and partly responsible 
for development of the data han- 
dling facilities on UK-S. Allen’s list 
includes these sectors: the albedo 
horizon sensor, the star sensor, and 
control of the stabilization jets in X- 
4; the data storage and handling 
system on UK-5; and, on the two 
spacecraft just put into orbit, a 
higher degree of component relia- 
bility than U.S. space technology 
normally achieves. 


Allen has no faith in the U.S. 
practice of accepting highest grade 
Mil-Spec components for satellites. 
“Even though they’re highest grade, 
you still get components being re- 
placed in U.S. satellites right up to 
the launch-pad stage” he maintains. 
“Consequently it seems to me that 
when a US. satellite has trouble in 
orbit, component failure may be at 
the root of it.” 

Until the last two spacecraft, Brit- 
ish satellites followed U.S. practice. 
But Allen said that 0.8% of the tran- 
sistors used in the data handling sys- 
tem of UK-3 failed after test, usu- 
ally during equipment assembly. 
Hence, RAE has developed its own 
specifications, and, according to Al- 
len, the component failure rate for 
X-3 was less than 0.1%. Allen says 
that neither X-3 nor UK-4 needed 
to be touched after leaving England 
for launch in Australia and Califor- 
nia, respectively. 

To develop its specifications, RAE 
gets a semiconductor manufacturer 
to make devices he thinks will do 
the job, then RAE tests them exten- 
sively until the weakest points show 
up. The components are sent back 
to the maker with instructions to 
strengthen those weak points. After 
more testing, the strengthened de- 
vices form the basis of the spec. 

Thick-film hybrids. Also to in- 
crease reliability, from X-3 onwards, 
British satellites contain complete 
subsystems built with thick-film hy- 
brid technology. For instance, in 
X-3, the successive-approximation 
analog-to-digital converter for the 
pulse-code modulation data system 
is on five substrates. In X-4, the star 
sensor, albedo horizon sensor, and 
infrared sensor are built with thick 
film technology. 

Instead of the usual tape recorder, 
UK-5 will use two core stores to 
hold data from the experiments 
prior to transmission to earth. Ac- 
cording to Julian Robinson, of Mar- 
coni Space and Defence Systems 
Ltd., prime contractor for the satel- 
lite, this reduces considerably the 
amount of data to be stored and 
transmitted. 

The experiments look for and 
classify X-ray photons. If tape were 
used, the capacity required would 
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be vast. In UK-5, the angle of ap- 
proach, energy band and other 
characteristics of the photon are cat- 
egorized, and for each category 
there is a location in a store. For ev- 
ery event in that category, the loca- 
tion is incremented by one. 

X-4 will use an albedo horizon 
sensor that uses a strip of 100 photo- 
diodes. The sensor always faces the 
horizon between earth and space, 
and because space is black and the 
earth is brighter from the sun’s light, 
the brightness can be used to main- 
tain the satellite’s position relative 
to the horizon for one axis. For the 
other two axes, the satellite is locked 
on the sun. Total field of view is 25°, 
with about 5° normally above the 
horizon, giving a nominal resolution 
of 4° per diode. On X-4, the inte- 
gration time of the array will be 
variable in order to determine the 
optimum operational threshold of 
the diodes. The array, integrated 
with MOS scanning circuitry is made 
by Integrated Photmatrix Ltd. 

Star orientation. The star sensor 
on X-4 will lock onto the star Ca- 
nopus. Instead of relying on very ac- 
curate scanning of the image in a 
dissector tube, as is usual, the image 
is split into two by a prism, and both 
light inputs are fed into the tube. 
When the light inputs are equal, the 
star is aligned on the optical axis. 

Hawker Siddeley Dynamics Ltd., 
main contractor for X-4, is giving a 
new twist to methods of turning on 
and off the propane gas jets of the 
three-axis stabilization system. The 
jet controller models the response of 
the satellite to the jet pulse simulta- 
neously with the real response. The 
model controls the “off signal, 
which is the most important, and 
partially controls the “on” signal. 
Using the model is more accurate 
than using real feedback, which is 
subject to lag and noise distortion. 

The model signal is essentially a 
constant voltage, pre-calculated to 
represent the constant acceleration 
force of the jet. The voltage goes 
into a rate integrator, which repro- 
duces a rising voltage proportional 
to the increasing rotational speed of 
the satellite, caused by the constant 
acceleration. When this voltage 
crosses a threshold, the jet switches 


off. To switch it on, the rate output 
combines with the direct output 
from the gyro platform to produce a 
voltage that has to cross a threshold. 


West Germany 


How to generate 
a complex waveform 


A new electromagnetic device that 
generates voltage patterns of irregu- 
lar but uniform shape has been de- 
veloped at the Philips Research 
Laboratory, Hamburg, Germany, 
by Klaus Rennicke and Reinhard 
von Hacht. The generator, which 
uses the principle that magnetic flux 
between two coils can be made to 
change by a tiny copper disk rotat- 
ing between them, is expected to be 
of value to designers of control engi- 
neering equipment. 

Although common voltage wave- 
forms that follow sawtooth, sinusoi- 
dal, or square-wave patterns can be 
generated by electrical means, a me- 
chanical function generator is re- 
quired to generate precise wave- 
trains of irregular shape. Previous 
mechanical generators have been 
plagued by heavy wear and often 
have output oscillations. 

The Philips generator produces 
voltage forms that vary precisely as 
a function of the masking of mag- 
netic flux lines by a copper disk, 0.2 
millimeters thick, which rotates be- 
tween two electromagnets. Its pe- 
riphery is cut to produce the voltage 
and waveform desired. Any wave 
shape—even with abrupt voltage 
changes—can be generated with an 
accuracy of better than 0.5%, the de- 
velopers say. 

Spin. The copper foil disk—only 
18 mm in diameter—rotates, typi- 
cally at 24 revolutions per minute, 
between two ferrite plates, each 22 
by 15 by 0.4 mm thick, wrapped as 
electromagnets. The irregular pe- 
riphery interrupts the magnetic lines 
of flux in the air gaps between the 
electromagnets. When no foil is be- 
tween them, the voltage at the sec- 
ondary coil is maximum. When the 
foil cuts all the lines of flux, voltage 
drops virtually to zero. 


At optimum values, the voltage 
between the electromagnets ranges 
from 20 to 140 millivolts peak-to- 
peak, at a frequency of about 200 
kilohertz. The output signal at the 
secondary coil is 3.6 mv to 30 mv. 
This voltage is amplified, rectified, 
and again amplified so that the final 
output is about 19 v. The first am- 
plifier boosts the voltage by a factor 
of 100, and the second provides am- 
plification of 15 times. 

The generator is built so that the 
edges of the electromagnets are 
angled with respect to the foil. The 
gap varies from 0.25 mm at one end 
to 0.7 mm at the other, correspond- 
ing to an angle of 1° to 2°. The di- 
minishing air gap keeps deviations 
from linearity between output volt- 
ages to less than 0.5%, Rennicke 
says. Without the angle, deviations 
could be as high as 7%, he says, be- 
cause the foil would effectively 
“shove” the magnetic lines of force 
somewhat past the magnetic plates 
as the lines bunch in front of the foil 
during rotation. 

No wear. The developers say that 
other electromechanical function 
generators, such as profiled rotary 
capacitors, have their voltage peaks 
accompanied by trailing voltage val- 
ues and add distortions through sig- 
nal bottoming. In addition, parts of 
the Philips generator do not wear 
out because the foil rotates in a fric- 
tionless air gap. 

The function generator was devel- 
oped for C. H. F. Mueller GmbH, a 
Philips subsidiary also headquar- 
tered in Hamburg, that specializes 
in X-ray apparatus and other medi- 
cal gear. Mueller will use the gener- 
ator in special X-ray equipment to 
provide certain voltage functions for 
control purposes. 

But Rennicke says principles of 
the generator could be applied to 
programers for metal-working ma- 
chinery, positioners for work 
benches or drawing tables, or any- 
where that an accurate analog con- 
trol device is needed. The machine 
could be used in automotive engi- 
neering to determine angular dis- 
placement of an engine piston in 
terms of piston travel. Measure- 
ments of revolutions per minute are 
also possible. 


Electronics/January 3, 1972 


+? 


Ad 


Advertising Sales Staff 


Pierre J. Braudeé [212] 971-3485 
Advertising Sales Manager 


Atlanta, Ga. 30309: Joseph Lane 
1375 Peachtree St., N.E 
[404] 892-2868 


Boston, Mass. 02116: James R. Pierce 
607 Boylston St. [617] 262-1160 


Chicago, III. 60611: Robert W. Bartlett 
Kenneth E. Nicklas, 645 North Michigan 
Avenue, [312] MO 4-5800 


Cleveland, Ohio 44113: William J. Boyle 
716] 586-5040 


Dallas, Texas 75201: Richard P. Poole 
1340 Republic National Bank Building 
214] RI 7-9721 


Denver, Colo. 80202: Harry B. Doyle, Jr 
Tower Bldg., 1700 Broadway 
303] 266-3863 


Detroit, Michigan 48226: Robert W. Bartlett 
2600 Penobscot Building 
313] 962-1793 


Houston, Texas 77002: Richard P. Poole 
2270 Humble Bidg. [713] CA 4-8381 


Los Angeles, Calif. 90017: Robert J. Rielly 
Bradley K. Jones, 1125 W. 6th St., 
213] HU 2-5450 


Minneapolis, Minn. 55402: Kenneth E. Nicklas 
1104 Northstar Center [612] 332-7425 


New York, N.Y. 10036 

330 W. 42nd St 

Warren H. Gardner [212] 971-3617 
Michael J. Stoller [212] 971-3616 


Philadelphia, Pa. 19103: Warren H. Gardner 
6 Penn Center Plaza, 
212] 971-3617 


Pittsburgh, Pa. 15222: Warren H. Gardner 
4 Gateway Center, [212-971-3617 


Rochester, N.Y. 14534: William J. Boyle 
9 Greylock Ridge, Pittsford, N.Y. 
716] 586-5040 


St. Louis, Mo. 63105: Kenneth E. Nicklas 
The Clayton Tower, 7751 Carondelet Ave 
341] PA 5-7285 


San Francisco, Calif. 94111: Don Farris 
Robert J. Rielly, 425 Battery Street, 
415] 362-4600 


Paris: Alain Offergeld 
17 Rue-Georges Bizet, 75 Paris 16, France 
Tel: 720-73-01 


Geneva: Alain Offergeld 
1 rue du Temple, Geneva, Switzerland 
Tel: 32-35-63 


United Kingdom: Keith Mantle 
Tel: Hyde Park 1451, 34 Dover Street, London W1 


Milan: Robert Saidel, Roberto Laureri 
1 via Baracchini Phone 86-90-656 


Brussels: Alain Offergeld 
22 Chaussee de Wavre 
Brussels 1040, Belgium 
Tel: 13-65-03 


Stockholm: Brian Bowes 
Office 17, Kontor-Center AB, Hagagarten 29, 
113 47 Stockholm. Tel: 24 72 00 


Frankfurt/Main: Fritz Krusebecker 
Liebigstrasse 27c 
Phone 72 01 81 


Tokyo: Masaru Wakeshima, McGraw-Hill 
Publications Overseas Corporation 
Kasumigaseki Building 2-5, 3-chome, 
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan 
[581] 9811 


Osaka: Akihiko Kamesaka, McGraw-Hill 
Publications Overseas Corporation, Kondo 
Bldg., 163, Umegae-cho Kita-ku [362] 8771 


Australasia: Warren E. Ball, IPO Box 5106, 
Tokyo, Japan 
Business Department 


Stephen R. Weiss, Manager 
[212] 971-2044 


Thomas M. Egan, 
Production Manager [212] 971-3140 


Carol Gallagher 
Assistant Production Manager [212] 971-2045 


Dorothy Carter, Contracts and Billings 
[212] 971-2908 


Frances Vallone, Reader Service Manager 
[212] 971-6057 
Electronics Buyers’ Guide 


George F. Werner, Associate Publisher 
[212] 971-3139 


Regina Hera, Directory Manager 
[212] 971-2544 


Electronics/January 3, 1972 


“THE COOL ONES" 


3.0 


POWER-TEMPERATURE DERATING CURVE 


\ 


2.0 
DICKSON © 
Bs 1 WATT 
” EPOXY 
- 1N4728 
= 
1.0 
] 
| 
| | MINIMUM JEDEC 
| REQUIREMENTS 
FOR IN4728 
i] 
25°C —- 50°C 80°C 100°C 


EPOXY ZENERS 


125°C 150°C . 175°C 200°C 


from DICKSON 


As the above curve indicates, Dickson's 
1 Watt epoxy voltage regulating diodes 
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This far exceeds the minimum per- 
formance required by the JEDEC 
1N4728 series spec. 


It is an indication of the tremendous 
surge capability of Dickson epoxy 
zeners 

150 Watts for 1 msec 

40 Watts for 8.3 msec 
and the comfortable safety factor Dick- 
son builds into these popular devices. 
Dickson epoxy also offers excellent 
shock protection. 


So, whatever your application, you can 
count on Dickson 1 Watt epoxy zeners 
to run cool. Zener voltages from 3.3 to 
100 are available. Give ‘em a try. 


For data package giving complete tech- 
nical information including details on 
derating and surge conditions on Dick- 
son 1 Watt epoxy Zeners, use this pub- 
lication’s reader service card or con- 
tact Dickson. 
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Marsteller, Inc 


# Anritsu Electric Co. Ltd. 
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Furman, Roth & Company 
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Krohn-Hite Corporation 5 
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McGraw-Hill Book Company 108 
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Medical World News 50 
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MOS Technology, Inc. 2nd cover 


Henry S. Goodsett Advertising, In 


= Motorola Communications and Electronics, Inc. 120 
Brand Advertising, Inc 
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Chiat/Day, Inc. Advertising 
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® Scientific-Atianta, Inc. 101 
NOW Advertising 
Singer Instrumentation - Alfred 94 


N. W. Ayer/Jorgensen/MacDonald, Inc 


Spectra-Physics, Inc. 17 
Hal Lawrence, Inc 


Sperry Information Displays Division 47 
N. A. Winter Advertising Agency 


Sprague Electric Company 8 
Harry P. Bridge Company 


= Stackpole Carbon Company, 


Electronic Components Division 81 
Ira Thomas Associates, Inc 
The Stalwart Rubber Co. 46 
Brand Advertising, Inc 
= Tektronix, In 33 
Daw Inc 
Teledyne Philbrick 40-41 
Ingalls Associates, Inc. Advertising 
Teledyne Semiconductor 86-87 
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he Bowes Company 
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For all typesof'/, x1'/, fuses and fuseholders: 


Normal Blowing Fuses 
AGC GLH MTH 
From 9 to 30 
amps, for 32V, 125V, 
or 250V 


Time Delay Fuses 
MDL MDX 


From_1%99 to 30 amps, 
for 32V, 125V, or 250V 


Visual Indicating Fuse 
GBA (Red Indicating 
Pin) 

From % to 5 amps, 
125V 


. Space-Saver 

4 — projects only ome 
~ inch behind panel 
HTA (Solder 


Terminals) 
HTA-HH (%” 
Quick-Connect 
Terminals) 

Y HTA-DD (%," z 
Quick-Connect se 

Terminals) HKP (Solder Terminals) HKP- HH(%" tanee Connect Terminals) 


The Fuseholder for All-Purpose Applications 


i") ae) 


(Solder (%" Quick- 
HLD Terminals) HLD-HH Connect Terminals) HKL (Octagon Knob) HKL-X (Flat-Sided Knob) 
Visual Indicating Fuseho/der Lamp Indicating Peshonies 
FUSEHOLDERS 


All Have These Features in Common « Rated for 15 amps at 250 volts « Dielectrically capable of 
withstanding 1500 amps a.c. between terminals and between terminals and panel « Bayonet-type knob grips 
fuse so that fuse is withdrawn when knob is removed; strong compression spring assures good contact e 


Made for installation in D-hole to prevent This is only a sampling — use the coupon below to get a full descrip- 
turning in paneleTerminals are mechanically tion of the complete BUSS line of fuses and mounting hardware. 


. ies & © 8 8 8 8 8 Fe FS FF Se U.LUhUmDelLhUmDGlhUDGlhUDLUDLhUDlhUDlLUDlhUDhUmDlLUmDGLUmDG 
secured as well as soldered in holder BUSSMANN MFG. DIVISION, McGraw-Edison Co. 


St. Louis, Missouri 63107 
Please send me a copy of BUSS Bulletin SFB 


Name 

Title 

Company 

Address 

City State Zip 


SUPPLIED THE ECONOMICAL WAY .. . 
THRU DISTRIBUTORS 


lees | 
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Narrow-Band TV 


If you don't need motion in your TV pictures, but need: Investigate our 201-series Video Converters, which 


¢ Low-cost, long-distance, transmission over standard compress the bandwidth of standard TV signals to as 

voice-grade phone lines low as 500 Hertz, and our 220-series Video Converters 
* Tape recording on standard %” audio tape which utilize a unique disc memory technique to re- ee 
e Hard-copy printout convert to conventional 525-line TV format 


¢ Magnetic disc image storage (multiple pictures or 
color too) 
¢ An interconnection to a computer 


COLORADO VIDEO, INCORPORATED « P.O. Box 928 « Boulder, Colo. 80302 © (303) 444-3972 Video Data Acquisition « Processing « Display * Transmission 


Circle 130 on reader service card 


How much free time do you have 
available for reading? 


Add up the number of magazines that and give you information on new products. 
come across your desk. If you want to keep yourself up to date and 
Multiply them by an average reading time cut downon your reading time, do the same 
— minutes to scan, an hour or more to dig in. thing with every issue of Electronics. 
Most people can only spend six hours each When you make Electronics your regular 
week on all sources of occupational information. — habit, you ‘ll find you have only occasional 
So how do you fill your professional needs need for other electronics magazines. 
and still keep your reading within reason? More information, in less ‘reading time, is 
Leaf through this issue again. one reason it pays you to have your own 
Notice how much of its editorial is subscription to F- ‘lectronics. 


designed to keep you aware of trends, show 


you how new technologies are being applied, Electronics. It’s all you need to read. 
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